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PREFACE 



The object of this pocket book is to place before the public 
in as concise a form as possible practical information in re- 
gard to reinforced concrete construction, and the author 
hopes that this book will promote the use of reinforced con- 
crete and be the medium of its standardization. 

It is no textbook, and a good knowledge of mechanics and 
building construction is indispensible for its rational use, 
and those thinking that they may become experts by studying 
this book are warned herewith to be careful and to consult 
with experienced men before embarking on any important 
piece of work. 

The tables were very carefully figured and checked 
repeatedly by slide-rule; most of them were figured seven to 
ten years ago and have been thoroughly tested by a great 
many practical applications. No claim is made that the book 
contains anything entirely new except the shape in which the 
information is presented; and nothing new has been dis- 
covered since the tables were first prepared which warranted 
the author revising them. 

A factor of safety of four was universally adopted, and 
where no other mention is made the concrete mixture was 
assumed what is commonly called a 1:2:4 mixture=one bag 
of cement to six cubic feet of aggregate. 

The use of high carbon steel is of advantage in reinforced 
concrete construction. The gain over mild steel is, however, 
but little for low percentages of reinforcement, and as most 
of the structures shown in this book are reinforced by only 
% to %%, the substitution of mild steel will not decrease 
the strength of the structures more than 10 to 15%. 

The compact form of the book compelled the author to 
'onfine the information given to those subjects which cannot 
^adily be found in other books and to confine himself onh 
o those applications of reinforced concrete mostly used. 
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The theoretical weight per lineal foot of reinforcing is 
found by multiplying the area by 3.4. In beams and girders, 
*he rods extend beyond the center of supports^ and on this 
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account and on account of the stirrups the coefficient of 3.4 
increases to an average of 4.5. The stirrups alone weigh from 
5 to 10% of the weight of the rods. 
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43.5 


13.8 


211 


21.0 


6xMi 
[5580] 


■H 


5.4 


.48 


26.9 


7.0 


212 


26.6 


2-f; 2-i 


6.7 


(I 


32.8 


8.6 


213 


30.3 


(t 


4-J 


7.9 


(( 


38.8 


10.0 


214 


36.8 


a 


2-*; 2-i 


9.5 


i( 


46.7 


12.0 


215 


41.2 


8x1 Ii 


•H 


10.8 


.64 


63.0 


13.8 


216 


47.6 


11 


2-J; 2-r 


12.4 


tt 


61.0 


15.8 


217 


64.0 


[7430] 


4-1" 


14.1 


ft 


69.0 


18.0 


218 


61.0 


' t( 


2-1"; 2-li 


16.0 


a 


77.6 


20. a 


219 


24.6 


6x134 


•H 


5.4 


.56 


31.6 


7.0 


220 


30.1 


u 


2-i; 2-J 


6.7 


< ( 


38.6 


8.6 


221 


36.6 


[6300] 


4-J 


7.9 


It 


46.6 


10.0 


222 


42.0 


(( 


2-S; 2-5 


9.5 


It 


63.7 


12.0 


223 


48.6 


8x1 3i 


-H 


10.8 


,1b 


62.0 


13.8 


224 


66.0 


[8390] 


2-J; 2-1" 


12.4 


tt 


71.5 


15.8 


225 


63.4 


u 


4-1" 


14.1 


It 


81.0 


18.0 


226 


71.8 


I0xl3i 


2-1"; 2-li 


16.0 


.94 


91.0 


20.3 


227 


80.2 


[10500] 


-t-14 


17.8 


It 


102.0 


22.5 


228 


40.9 


8x16^ 


4-J 


7.9 


.86 


62.1 


10.0 


229 


48.4 


[9840] 


2-J; 2-J 


9.5 


tt 


61.6 


12.0 


230 


66.8 


(* 


-H 


10.8 


tt 


71.0 


13.8 


231 


64.1 


K 


2-i; 2-1" 


12.4 


tt 


82.0 


15.8 


232 


73.0 


10x15^ 


A" 


14.1 


1.08 


93.0 


18.0 


233 


82.4 


2-1"; 2-14 


16.0 


tt 


104.6 


20.3 



Use these beams, where the lumber can be obtained in full sizes 
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MENSOH, THS BEINfOBOED 

PB0PEBTIE8 OF TEE BEABiS. 
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SMUIEMB 


,^ 


m 


MmSM 


\mu^ 


IMKr 
UmiI 

fNt 


Fwt 

If 


ItaMrt 


Wi^lf 

stSW 

UMl 
fill 




hi 
1M 


Stow at 

II Nil* 

pirSiariMi 


tmmtmm 


bclrtv 

"ST 

Iviriifs 


CNcnti 
Fwt 


hi 
1M 




234 


92.1 


10x16^ 

[12300] 


4-H 


17.8 


1.08 


117.0 


22.0 


235 


103.0 


2-U; 2-li 


20.0 


tt 


131.0 


25.5 


236 


114.0 


12X16} 


4-11 


22.0 


1.30 


146.0 


28.0 


237 


138.0 


[14700] 


6-li 


27.0 


(( ' 


176.0 


34.0 


238 


63.0 


8X17} 

[10800] 


4-1 


10.8 


.97 


80.1 


13.8 


239 


72.9 


2-4; 2-1' 


12.4 


tt 


92.8 


15.8 


240 


82.3 


10x17} 


4-1" 


14.1 


1.22 


106.0 


18.0 


241 


93.2 


[13500] 


2-1"; 2-li 


16.0 


tt 


118.0 


20.3 


242 


104.0 


(t 


4-14 


17.8 


tt 


132.6 


22.5 


243 


116.0 


tt 


2-14; 2-11 


20.0 


tt 


148.0 


25.5 


244 


129.0 


12x17} 


4-11 
6-14 


22.0 


1.46 


164.0 


28.0 


245 


156.0 


[16200] 


27.0 


(( 


198.0 


34.0 


246 


92.0 


10x19} 


4-1' 


14.1 


1.36 


117.0 


18.0 


247 


104.0 


[14700] 


2-1'; 2-14 


16.0 


tt 


132.0 


20.3 


248 


116.0 


u 


4-14 
6-1" 


17.8 


It 


148.0 


22.6 


249 


138.0 


11 


21.2 


It 


177.0 


27.0 


250 


130.0 


tt 


2-14; 2-li 


20.0 


tt 


165.0 


25.5 


251 


156.0 


12x19} 


3-1"; »-14 


24.0 


1.63 


198.0 


30.5 


252 


144.0 


(( 


4-11 


22.0 


tt 


183.0 


28.0 


253 


174.0 


[17600] 


6-14 


27.0 


tt 


221.0 


34.0 


254 


193.0 


tt 


3-14; 3-ii 


29.7 


tt 


248.0 


38.0 


255 


143.0 


10x21} 

[15900] 


2-14; 2-11 


20.0 


1.50 


182.0 


25.5 


256 


152.0 


6-1" 


21.2 


tt 


193.0 


27.0 


257 


158.0 


12x21} 


4-11 


22.0 


1.80 


202.0 


28.0 


258 


172.0 


(( 


3-1"; 3-14 


24.0 


tt 


218.0 


30.5 


259 


192.0 


[19100] 


6^14 


27.0 


tt 


242.0 


34.0 


200 


213.0 


(( 


3-14; *-ii 


29.7 


tt 


274.0 


38.0 


261 


188.0 


12x23} 

[20500] 


3-1"; 3-14 


24.0 


1.96 


240.0 


30.5 


262 


210.0 


6-14 


27.0 


tt 


266.0 


34.0 


263 


233.0 


(( 


3-14; 3-11 


29.7 


tt 


300.0 


38.0 


264 


259.0 


14x23} 
[23900] 


6-11 


33.0 


2.30 


330.0 


42.0 


265 


282.0 


3-li; 3-lf 


36.0 


(( 


365.0 


46.5 



'^e these beams, wherg the lumber can be obtained in full sizes. 



CONCBETE POCKET BOOK. 

PB0PEETIE8 OF STEEL BEAMS. 
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3 


H 
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3 


4 


1.47 


1.41 


it 


H 


2.55 
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3 


6 


1.60 


1.51 


4 


H 
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2.53 


1.58 


(( 


loi 


4.70 


2.86 




6.26 


2.80 


1.65 


6 


9i 

I4| 
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8.10 


3.00 
3.28 




6.6 
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4.00 
4.67 
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1.89 


6 
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3.33 
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7 


16 
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K 


20 
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8 


18 


19.00 
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(( 


26 
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2.26 


9 


21 


25.00 


4.33 




13.75 


12.00 


2.35 


*' 


36 
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4.76 
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14.00 


2.43 


10 


26 

40 


33.00 
46.80 


4.66 
5.15 




15.0 


15.10 


2.47 










10 
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2.60 


12 


3li 
40 
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61.00 


5.00 
5.25 




20.0 


20.90 


2.74 


" 


55 


81.50 


5.75 


12 


20.5 


28.50 


2.94 


16 


42 
60 
80 


75.00 
110.00 
138.00 


5.50 
6.17 
6.63 




25.0 
30.0 
36.0 


32.00 
35.90 
39.80 


3.05 
3.17 
3.29 


18 


55 


119.00 


6.00 


16 


33 


55.60 


3.40 




70 


146.00 


6.50 


15 


36 


57.00 


3.44 




90 


176.00 


7.08 




40 


61.80 


3.53 










(( 


46 
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3.63 


20 


66 


157.00 
187.00 
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MENSCH, THE REINFORCED 



SECTIONAL ABEAS OF BOUND BAB8 FEB LINEAL 
ALSO THEIB WEIGHTS FEB SQUABE 



1 


km 

Wriibt 
PirFMt 


SMOM IN mCKS 


1 


4 


4J 


5 


5J 


6 


6i 


7 


7i 


1 

4 


.049 
.167 


.149 

.790 
1.26 


.132 

.700 
1.11 


.119 

.63 
1.00 


.108 

.57 
.91 


.099 

.53 
.83 


.091 

.48 

.77 


.086 

.45 
.72 


.079 

.42 
.67 


5 
16 


.077 
.261 


.230 
1.22 
1.93 


.205 

1.09 
1.73 


.184 

.98 
1.55 


.168 

.89 
1.42 


.154 

.82 
1.30 


.142 

.75 
1.20 


.132 

.70 
1.11 


.123 

.65 
1.04 


3 

8 


.110 
.375 


.332 

1.76 

2.80 


.295 

1.56 
2.48 


.265 

1.41 
2.23 


.242 

1.28 
2.04 


.222 

1.18 

1.87 


.205 

1.09 
1.73 


.190 

1.01 
1.60 


.177 

M 
1.49 


7 
16 


.150 
.511 


.450 

2.38 
3.80 


.400 
2.12 
3.36 


.362 

1.92 
3.05 


.330 
1.75 

2.78 


.300 

1.60 
2.52 


.278 

1.48 
2.34 


.258 

1.37 
2.17 


.241 
1.28 
2.03 


1 
2 


.196 
.667 


.590 
3.13 
4.95 


.523 

2.80 
4.40 


.471 
2.50 
3.96 


.430 

2.28 
3.62 


.394 

2.09 
3.31 


.363 

1.93 
3.05 


.337 

1.79 
2.83 


.315 
1.67 
2.65 


5 

8 


.306 
1.043 


.920 

4.87 
7.72 


.820 
4.35 
6.90 


.735 

3.90 
6.18 


.670 

3.55 
5.62 


.613 
3.25 
5.16 


.566 

3.00 
4.75 


.527 

2.80 
4.42 


.490 

2.60 
4.12 


3 

4 


.442 
1.502 


1.32 

7.00 
11.10 


1.18 

6.25 
9.92 


1.06 

5.62 
8.91 


.965 

5.10 
8.10 


.884 

4.68 
7.41 


.817 

4.33 
6.86 


.758 

4.00 
6.36 


.708 
3.75 
5.95 


7 
8 


.601 
2.044 


1.81 

9.60 
15.20 


1.61 

8.5 
13.60 


1.46 

7.7 
12.20 


1.32 

7.0 
11.10 


1.21 

6.4 
10.20 


l.il 

5.9 
9.30 


1.03 
5.5 

8.70 


.964 
5.1 

8.10 


1 


.786 
2.667 


2.36 

12.50 
19.80 


2.10 

11.1 
17.70 


1.89 

10.00 
15.90 


1.72 

9.10 
14.50 


1.57 

8.30 
13.20 


1.45 

7.70 
12.20 


1.35 

7.15 

11.40 


1.26 

6.70 
10.60 



The black figures denote the areas. Directly below are the 
weights in simple, continuous slabs including overlaps and 
extra rods over supports, except longitudinal reinforcement, 



CONCEETE POCKET BOOK. 
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FOOT OF SLAB IF SPACED FROM 4 TO 12" 0. C; 
FOOT IN SIMPLE AND SQUARE SLABS. 



1 


SMCIW IN MCIIES 




8 


8i 


9 


9i 


10 


lOi 


11 


m 


12 


1 

4 


.074 

.4 

.62 


.070 

.37 
.59 


.066 

.35 
.56 


.063 

.33 
.53 


.060 

.32 
.51 


.057 

.30 

.48 


.054 

.29 
.46 


.052 

.28 
.44 


.049 

.26 
.41 


5 

16 


.115 

.61 

.97 


.108 

.57 

.91 


.102 

.54 

.86 


.097 
.52 

.82 


.092 

.49 

.77 


.088 

.47 
.74 


.084 

.45 

.71 


.080 

.43 
.67 


.077 

.41 
.65 


3 

8 


.166 

.88 
1.40 


.156 

.83 
1.31 


.148 

.79 
1.25 


.140 

.75 
1.18 


.133 
.71 
1.12 


.126 

.67 
1.06 


.120 

.64 
1.01 


.116 

.61 
.97 


.110 

.59 
.93 


7 
16 


.226 

1.20 
1.90 


.212 

1.12 
1.78 


.200 

1.06 
1.68 


.190 

1.01 
1.60 


.180 

.96 
1.52 


.172 

.91 
1.45 


.164 

.87 
1.38 


.167 

.83 
1.32 


.160 

.80 
1.26 


1 
2 


.295 
1.57 

2.48 


.277 

1.47 
2.33 


.262 

1.39 
2.21 


.248 

1.32 
2.09 


.236 

1.25 
1.98 


.225 

1.20 
1.89 


.214 
1.14 
1.80 


.206 

1.09 
1.73 


.196 

1.04 
1.65 


5 

8 


.460 

2.44 
3.86 


.433 

2.30 
3.65 


.410 

2.17 
3.45 


.387 

2.05 
3.26 


.367 

1.95 
3.09 


.350 

1.85 
2.95 


.335 

1.78 
2.82 


.320 

1.70 
2.69 


.306 
1.62 
2.57 


3 
4 


.662 

3.50 
5.57 


.623 

3.30 
5.25 


.590 

3.13 
4.^)6 


.559 

2.95 
4.70 


.530 

2.81 
4.45 


.505 

2.68 
4.25 


.481 
2.55 
4.05 


.460 

2.44 

3.87 


.442 

2.35 
3.71 


7 
8 


.904 

4.8 
7.60 


.850 
4.5 
7.15 


.800 
4.25 
6.72 


.760 
4.03 
6.40 


.720 

3.82 
6.05 


.685 

3. as 

5.75 


.656 

3.48 
5.50 


.630 

3.34 
5.30 


.601 

3.20 
5.05 


1 


1.18 
6.25 
9.92 


l.ll 

5.90 
9.32 


1.05 

5.60 
8.80 


.990 
5.25 
8.32 


.940 

5.00 
7.90 


.900 

4.76 
7.57 


.856 

4.53 
7.20 


.820 
4.35 
6.90 


.785 

4.15 
6.60 



which weigh in slabs 3", SVs", 4", 4V2", 5", 5%", 6" thick, 
I.ounds per sq. foot .18, .21, .24, .27, .3, .33, .36 
I The figures in the third line denote the weights of steel per 
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MENSCH, THS BEXNTOftOSD 



SECTIONAL AREAS OF SQUARE BABS PER UNEAl 
ALSO THEIR WEIGHTS PER SQUAB] 



1 


FirFMI 


SMOMINIIICKS 


1 


4 


4i 


5 


5i . 


6 


6J 


7 


7i 


_lj 

4 


.062 
.212 


.190 

1.01 
1.60 


.167 

.88 
1.40 


.150 

.80 
1.26 


.137 
.73 
1.15 


.125 

.66 
1.05 


.116 

.63 
.98 


.107 

.57 

.90 


.iO( 

.53 
.84 


5 
16 


.098 
.333 


.290 

1.54 
2.45 


.260 

1.38 
2.18 


.233 
1.24 
1.96 


.212 
1.12 
1.78 


.195 

1.04 
1.64 


.180 

.96 
1.51 


.168 

.89 
1.41 


.161 

.82 
1.30 


3 

8 


.140 
.478 


.422 

2.24 
3.55 


.375 

2.00 
3.15 


.340 

1.80 
2.85 


.308 

1.63 
2.60 


.281 

1.49 
2.36 


.260 

1.38 
2.18 


.240 

1.27 
2.02 


.228 

1.20 

1.89 


7 
16 


.191 
.651 


.574 

3.05 
4.85 


.510 

2.70 
4.30 


.450 
2.44 
3.80 


.418 
2.21 
3.50 


.382 

2.02 
3.20 


.356 

1.88 
3.00 


.327 

1.73 
2.75 


.30S 
1.62 

2.50 


1 
2 


.260 
.860 


.760 

3.97 
6.30 


.670 
3.55 
5.62 


.600 

3.18 

5.as 


.546 

2.88 
4.60 


.500 

2.65 
4.20 


.462 

2.45 
3.90 


.430 

2.28 
3.62 


.40C 
2.12 
3.30 


5 

8 


.390 
1.333 


1.172 

6.20 
9.86 


1.04 

5.51 
8.75 


.94 

4.98 
7.90. 


.85 

4.50 
7.13 


.781 

4.15 
6.57 


.722 

3.82 
6.10 


.670 
3.55 
5.62 


.626 

3.31 
5.25 


3 
4 


.662 
1.913 


1.687 

8.95 
14.20 


1.50 

7.95 
12.60 


1.35 

7.15 
11.40 


1.23 

6.51 
10.40 


1.12 
5.95 
9.40 


1.04 

5.51 
8.75 


.97 

5.12 

8.14 


.90C 
4.77 

7.5.=) 


7 
8 


.766 
2.603 


2.297 

12.20 
19.30 


2.04 

10.80 
17.20 


1.82 

9.66 
15.30 


1.67 

8.85 
14.00 


1.53 

8.10 
12.90 


1.40 

7.43 
11.80 


1.31 
6.95 
11.0 


1.22 

6.48 
10.3 


1 


1.00 
3.400 


3.000 

15.90 
25.20 


2.67 

14.20 
22.50 


2.40 

12.72 
20.20 


2.18 

11.60 
18.40 


2.00 

10.60 
16.80 


1.85 

9.80 
15.60 


1.72 

9.11 

14.50 


1.60 

8.49 
13.50 



sq. ft. in square slabs including overlaps, ^e theoretica 
weight per sq. ft. is obtained by multiplying the areas bj 
3.4. On account of overlaps and the rods over the sup 



OONORBTE POOKXT BOOK. 

FOOT OF SLAB, IF SPACED FBOM 4 TO 
FOOT n^ SIMPLE AND SQUABE SLABS. 


12" 


15 
0. 0.; 


i 


msmm mcnes 


1 


8 


8i 


9 


9i 


10 


lOi 


11 


in 


12 


1 

4 


.093 

.50 
.78 


.089 

.47 
.75 


.083 

.44 
.70 


.079 
.42 

.66 


.076 

.40 

.63 


.071 

.38 
.60 


.068 

.36 
.57 


.066 

.35 
.55 


.062 

.33 
.52 


5 
16 


.146 

.77 
1.22 


.138 
.73 
1.16 


.130 

.69 
1.10 


.124 

.66 
1.04 


.118 

.63 
.99 


.III 

.59 
.94 


.106 

.56 
.90 


.102 
.54 

.86 


.098 

.52 

.82 


3 

8 


.210 

1.12 
1.77 


.198 

1.05 
1.67 


.188 

1.00 
1.58 


.178 

.95 
1.50 


.170 

.90 
1.43 


.160 

.85 
1.35 


.164 

.82 
1.30 


.146 

.78 
1.23 


.141 

.75 

1.19 


7 
16 


.286 

1.52 
2.40 


.270 
1.43 
2.27 


.266 

1.35 
2.15 


.242 

1.28 
2.05 


.230 

1.22 
1.94 


.219 

1.16 
1.84 


.209 
1.11 
1.76 


.200 

1.06 
1.68 


.191 

1.01 
1.61 


1 

2 


.376 

1.99 
3.15 


.363 

1.87 
2.97 


.333 

1.76 

2.80 


.316 

1.68 
2.65 


.300 

1.59 
2.52 


.286 

1.51 
2.40 


.273 
1.44 
2.30 


.261 

1.39 
.2.20 


.260 
1.33 
2.10 


5 

8 


.686 

3.10 
4.92 


.660 
2.93 
4.62 


.620 

2.76 
4.37 


.493 

2.61 
4.15 


.470 

2.49 
3.95 


.446 
2.36 
3.74 


.428 
2.26 
3.60 


.408 

2.16 
3.42 


.391 
2.07 
3.30 


3 
4 


.860 

4.50 
7.13 


.790 

4.18 
6.62 


.750 
3.98 
6.30 


.710 

3.76 
5.96 


.670 
3.55 
5.62 


.640 

3.39 
5.38 


.613 
3.25 
5.15 


.690 
3.13 
4.95 


.663 

2.98 
4.73 


7 
8 


1.16 

6.10 
9.70 


1.08 
5.72 
9.10 


1.02 

5.41 
8.60 


.960 

5.09 
8.10 


.910 

4.82 
7.65 


.860 

4.56 
7.20 


.830 

4.40 
7.0 


.796 

4.21 
6.70 


.766 

4.06 
6.40 


1 


1.60 

7.96 
12.60 


1.41 

7.50 

11.80 


1.33 

7.05 
11.20 


1.260 

6.69 
10.60 


1.20 

6.37 
10.10 


1.14 

6.04 
9.60 


1.09 

5.80 
9.20 


1.04 
5.51 

8.80 


1.000 

6.32 

8.40 



ports, this Jbefficient increases to 5.3 in simple continuous 
slabs and on account of overlaps and rods running in tw 
directions to 8.4 in square slabs. 
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MENSCH, THE REINFORCED 



SAFE BENDING MOMENTS IN FOOTPOUNDS FEB 
FEBOENTAOE OF STEEL VABTING FBOM 

TRICRNISS IF SUIS M DICKS AM FEET 



2" 


24- 


3" 


3| 


. 


4" 


[.1(>7'] 


[.208'1 


[.25'1 


[.292'] 


[.:^'l 


Mm 


Sw- 


Mm 


Sm- 


Mm 


Sm- 


RM«m 


Sm- 


M« 


Sm- 


ItaMrt 


Uml 


MmnM 


tUMl 


MMmt 


tlMll 


MMMlt 


tmii 


MmmM 


tiMil 


FMtUs. 


Am 


FMtUs. 


Am 


FMtUs. 


Am 


FMILIs. 


Am 


FMIUs. 


Am 


200 


.06 


316 


.075 


440 


.09 


600 


.105 


800 


.120 


220 


.072 


340 


.090 


470 


.108 


640 


.126 


860 


.144 


240 


.084 


366 


.105 


600 


.126 


680 


.147 


900 


.168 


260 


.096 


390 


.120 


530 


.144 


720 


.168 


950 


.192 


280 


.108 


416 


.135 


560 


.162 


760 


.189 


1000 


.216 


300 


.120 


440 


.150 


590 


.180 


800 


.210 


1050 


.240 


320 


.132 


466 


.165 


620 


.198 


840 


.231 


1100 


.264 


340 


.148 


490 


,180 


660 


.216 


880 


.252 


1160 


.288 


360 


.160 


616 


.195 


680 


.234 


920 


.273 


1200 


.312 


380 


.172 


640 


.210 


710 


.252 


960 


.294 


1260 


.336 


400 


.184 


666 


.225 


740 


.270 


1000 


.315 


1300 


.360 


420 


.196 


690 


.240 


770 


.288 


1040 


.336 


1350 


.384 


440 


.208 


616 


.255 


800 


.306 


1080 


.357 


1400 


.408 


460 


.220 


640 


.270 


830 


.324 


1120 


.378 


1460 


.432 


480 


.232 


666 


.285 


860 


.342 


1160 


.399 


1500 


.456 


500 


.240 


690 


.300 


890 


.360 


1200 


.420 


1660 


.480 


620 


.256 


716 


.315 


920 


.378 


1230 


.441 


1600 


.504 


640 


.268 


740 


.330 


960 


.396 


1270 


.462 


1650 


.528 


660 


.280 


765 


.345 


980 


.414 


1300 


.483 


1700 


.552 


680 


.292 


790 


.360 


1010 


.432 


1335 


.504 


1750 


.576 


600 


.304 


815 


.375 


1040 


.450 


1370 


.525 


1800 


.600 



The area of steel is for a width of one foot. The spaces 
note the percentages of Vj, % and 1% of reinforcing. As 
universal rule it will be found that the cheapest construe- 
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lilNEAL FOOT OF SItABS, IF BEINFOBOED BT A 
1/4 TO 11/4% IN INCREMENTS OF 1/20%. 







TncniESS IF suns HI MOB Am FEET 






4i- 


5" 


Si" 


6" 


6i- 


I.375'l 


[.417'1 


[.458'1 , 


[.500'] 


[.542'1 


Mkl 


Sm- 


Mmm 


Sm- 


Mhf 


Sm- 


9mm 


Sm* 


Ml« 


Sm- 


Mmmli 


tfml 


MmnM 


tflMl 


MMNt 


tlHll 


HHMt 


tiNal 


MNMlt 


tlNll 


FMtLbs. 


Aru 


FMILIs. 


Am 


FMtLls. 


ATM 


FNtUs. 


ATM 


FMILIs. 


Ana 


1000 


.135 


1300 


.150 


1600 


.165 


1800 


.180 


2200 


.195 


1080 


.162 


1400 


.180 


1720 


.198 


I960 


.216 


2370 


.234 


1160 


.189 


1600 


.210 


1840 


.231 


2100 


.252 


2640 


.273 


1240 


.216 


1600 


.240 


I960 


.264 


2260 


.288 


2710 


.312 


1320 


.243 


1700 


.270 


2080 


.2^)7 


2400 


.324 


2880 


.351 


1400 


.270 


1800 


.300 


2200 


.330 


2660 


.360 


3060 


.390 


1480 


.297 


1900 


.330 


2320 


.363 


2700 


.396 


3220 


.429 


1660 


.324 


2000 


.360 


2440 


.396 


2860 


.432 


3390 


.468 


1640 


.351 


2100 


.390 


2660 


.429 


3000 


.468 


3660 


.507 


1720 


.378 


2200 


.420 


2680 


.462 


3160 


.504 


3730 


.546 


1800 


.405 


2300 


.450 


2800 


.495 


3300 


.540 


3900 


.585 


I860 


.432 


2400 


.480 


2920 


.528 


3460 


.576 


4070 


.624 


1940 


.459 


2600 


.510 


3040 


.561 


3600 


.612 


4240 


.663 


2020 


.486 


2600 


.540 


3160 


.594 


3760 


.648 


4410 


.702 


2100 


.513 


2700 


.570 


3280 


.627 


3900 


.684 


4680 


.741 


2180 


.540 


2800 


.600 


3400 


.660 


4060 


.720 


4760 


.780 


2260 


.567 


2900 


,(m 


3620 


.693 


4200 


.756 


4920 


.819 


2340 


.594 


3000 


.660 


3640 


.726 


4360 


.792 


6090 


.858 


2420 


.621 


3100 


.690 


3760 


.759 


4600 


.828 


6260 


.897 


2600 


.648 


3200 


.720 


3880 


.792 


4660 


.864 


6430 


.936 


2680 


.675 


3300 


.750 


4000 


.825 


4800 


.900 


6600 


.975 



tion is obtained, if the percentage of reinforcement is % to 
¥*%' For the proper steel rods, spacing and weights, se 
preceding pages. 
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MENSCH, THE REINFORCED 



SAFE BENDING MOBCENTS IN FOOT-POUNI>8 
PEBCENTAOES OF STEEL VABTING FROM 



TUCRNISS IF SLAIS HI PICICS MB FEH 



7" 


7i" 


8" 


9" 


10' 


[.583'] 


[.62o'l 


[.667'] 


[.750'1 


[.833'] 


iNftV 


Aria If 


Mmm 


Sw- 


Bndhii 


$te 


Iniic 


Sic- 


Mi« 


Sw- 


MmmM 


liii- 


MMNt 


tmai 


MMNt 


tUMl 


MNmt 


tmii 


iMMrt 


tivaf 


FntLks. 


firei- 


FwtUs. 


Am 


FMtLks. 


Am 


FMtUs. 


Am 


FMtUs. 


Am 


2600 


.210 


2800 


.225 


3200 


.240 


4200 


.270 


5000 


.30 


2700 


.252 


3030 


.270 


3460 


.288 


4620 


.324 


6400 


.36 


2900 


.294 


3260 


.315 


3720 


.336 


4840 


.378 


6800 


.42 


3100 


.336 


3490 


.360 


3980 


.384 


6160 


.432 


6200 


.48 


3300 


.378 


3720 


.405 


4240 


.432 


6480 


.486 


6600 


.54 


3500 


.420 


3960 


.450 


4500 


.480 


6800 


.540 


7000 


.60 


3700 


.462 


4180 


.495 


4760 


.528 


6120 


.594 


7400 


.66 


3900 


.504 


4410 


.540 


5020 


.576 


6440 


.648 


7800 


.72 


4100 


.546 


4640 


.585 


5280 


.624 


6760 


.702 


8200 


.78 


4300 


.588 


4870 


.630 


5640 


.672 


7080 


.756 


8600 


.84 


4600 


.630 


6100 


.675 


6800 


.720 


7400 


.810 


9000 


.90 


4700 


.672 


6330 


.720 


6060 


.768 


7720 


.864 


9400 


.96 


4900 


.714 


6660 


.765 


6320 


.816 


8040 


.918 


9800 


1.02 


6100 


.756 


6790 


.810 


6680 


.864 


8360 


.972 


10200 


1.08 


5300 


.798 


6020 


.855 


6840 


.912 


8680 


1.026 


10600 


1.14 


5600 


.846 


6250 


.900 


7100 


.960 


9000 


1.080 


IIOOO 


1.20 


6700 


.882 


6480 


.945 


7360 


1.008 


9320 


1.134 


11400 


1.26 


5900 


.924 


6710 


.990 


7620 


1.056 


9640 


1.188 


11800 


1.32 


6100 


.966 


6940 


1.035 


7880 


1.104 


9960 


1.242 


12200 


1.38 


6300 


1.008 


7170 


1.080 


8140 


1.152 


10280 


1.296 


12600 


1.44 


6500 


l.OoO 


7400 


1.125 


8400 


1.200 


10600 


1.350 


13000 


1.50 



The area of steel is for a width of one foot. The spaces 

denote the percentages of Voy % and 1% of reinforcing. 

The weight of the steel per square foot is found in case of 

quare slabs by multiplying the area of steel by 8.4; for 
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P£B LINEAL FOOT OF SLABS BEINFOBCED BY 



TMCRNISS IF SUK M MOB Ml FEET 



II" 


12- 


15" 


16" 


18" 


[.917'] 


[l.OO'l 


ll'25'l 


[l.3:ri 


[1.50'1 


Mtof 


Sw- 


iNftV 


Sw- 


lntt« 


Sw- 




Stc- 


UMtg 


Sw- 


MMMt 


itaMl 


iMMrt 


tflMl 


MMMt 


tM 


MMMt 


Uml 


MHMlt 


UMll 


FMlLbs. 


Im 


FMtLks. 


Im 


FntUs. 


ATM 


FMtLks. 


Aria 


FMtLks. 


Arn 


6100 


.330 


7200 


.360 


12000 


.45 


13000 


.480 


17000 


.540 


6600 


.396 


7800 


.432 


12900 


.54 


14000 


.576 


18300 


.64f5 


7100 


.462 


8400 


.504 


13800 


.63 


15000 


.672 


19600 


.756 


7600 


.528 


9000 


.576 


14700 


.72 


16000 


.768 


20900 


.864 


8100 


.594 


9600 


.648 


15600 


.81 


17000 


.864 


22200 


.972 


8600 


.660 


10200 


.720 


16500 


.90 


18000 


.960 


23500 


1.080 


9100 


.726 


10800 


.792 


17400 


.99 


19000 


1.056 


24800 


1.188 


9600 


.792 


11400 


.864 


18300 


1.08 


20000 


1.152 


26100 


1.296 


lOlOO 


.858 


12000 


.956 


19200 


1.17 


21000 


1.248 


27400 


1.404 


10600 


.924 


12600 


1.008 


20100 


1.26 


22000 


1.344 


28700 


1.512 


IIIOO 


.990 


13200 


1.080 


21000 


1.35 


23000 


1.440 


30000 


1.620 


11600 


1.056 


13800 


1.152 


21900 


1.44 


24000 


1.536 


31300 


1.728 


12100 


1.122 


14400 


1.224 


22800 


1.53 


25000 


1.632 


32600 


1.836 


12600 


1.188 


15000 


1.296 


23700 


1.62 


26000 


1.728 


33900 


1.944 


13100 


1.254 


15600 


1.368 


24600 


1.71 


27000 


1.824 


35200 


2.052 


13600 


1.320 


16200 


1.440 


25500 


1.80 


28000 


1.920 


36500 


2.160 


14100 


1.386 


16800 


1.512 


26400 


1.89 


29000 


2.016 


37800 


2.268 


14600 


1.452 


17400 


1.584 


27300 


1.98 


30000 


2.112 


39100 


2.376 


16100 


1.518 


18000 


1.656 


28200 


2.07 


31000 


2.208 


40400 


2.484 


16600 


1.584 


18600 


1.728 


29100 


2.16 


32000 


2.304 


41700 


2.592 


16100 


1.650 


19200 


1.800 


30000 


2.25 


33000 


2.400 


43000 


2.700 



continuous simple slabs by multiplying the area of steel by 
5.3 and adding the weight of longitudinal reinforcement; tb 
latter should not be less than %%. The prope* steel roc 
spacing and weights will be found on pages 12 to 15. 
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MENSCH, THE SEINrOBOED 



SAFE BENDING MOMENTS IN FOOT-POUNDS ON 

SLABS FEB UNEAL FOOT IF EEINFOBCED 

BY 1/4 TO 1.0% OF STEEL. 



TncniESS IF SUIS M mCKS Am FEET 



20" 


22" 


24" 


27" 


3cr 


[1.67'] 


[1.833'] 


[2.00'] 


[2.25'] 


[2.50'1 


iNftV 


Sm- 


iNftV 


Sm- 


Mmm 


Stc- 


IllttV 


Sw- 


BN«« 


Sm- 


IMlNt 


tflMl 


MMNt 


tlml 


MMNt 


UnH 


MMNt 


UNll 


MMNt 


UnH 


FNtUS. 


Area 


FntLks. 


Area 


FMtUs. 


Am 


FNtLks. 


Am 


FNtUs. 


Am 


20000 


.60 


26000 


.660 


29000 


.72 


36500 


.810 


45000 


.90 


21600 


.72 


27000 


.792 


31300 


.864 


39400 


.972 


48500 


1.08 


23200 


.84 


29000 


.924 


33600 


1.008 


42300 


1.134 


62000 


1.26 


24800 


.96 


31000 


1.056 


35900 


1.152 


45200 


1.296 


65600 


1.44 


26400 


1.08 


33000 


1.188 


38200 


1.296 


48100 


1.458 


59000 


1.62 


28000 


1.20 


35000 


1.320 


40500 


1.440 


51000 


1.620 


62500 


1.80 


29600 


1.32 


37000 


1.452 


42800 


1.584 


53900 


1.782 


66000 


1.98 


31200 


1.44 


39000 


1.584 


45100 


1.728 


56800 


1.944 


69500 


2.16 


32800 


1.56 


41000 


1.716 


47400 


1.872 


69700 


2.106 


73000 


2.34 


34400 


1.68 


43000 


1.848 


49600 


2.0ie 


62600 


2.268 


76500 


2.52 


36000 


1.80 


45000 


1.980 


51900 


2.160 


65500 


2.430 


80000 


2.70 


35600 


1.92 


47000 


2.112 


54200 


2.304 


68400 


2.592 


83500 


2.88 


36200 


2.04 


49000 


2.244 


56500 


2.448 


71300 


2.754 


87000 


3.06 


36800 


2.20 


51000 


2.376 


58800 


2.592 


74200 


2.916 


90600 


3.24 


37400 


2.30 


53000 


2.508 


61100 


2.736 


77100 


3.078 


94000 


3.42 


38000 


2.40 


55000 


2.640 


63400 


2.880 


80000 


3.240 


97500 


3.60 



For any other thickness of slab or other percentage of re- 
inforcement, use the formula; Moment in foot-pounds per 
lineal foot of slab=coefficientXt2, when t thickness of slab 
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SAFE BENDING MOMENTS IN 1000 FOOT-POUNDS 

ON SLABS PEE LINEAL FOOT IF EEINFOBCED 

BT THE MINIMUM PEBOENTAGE OF 1/4% 

AND SOME HIGHEB PEBCENTAGES. 



TUdotss 
•fSlab 
hlMhts 
airiFMt 


MMNt 

k 

1M 
FntUs. 


Aruif 

StMlptr 

LiMll 

Fttt 


TIldHMSS 

If sill 
hilidMs 
Mi Fttt 


MNMit 

k 

1M 
FMt Lbs. 


Am If 

StMlptr 

UnH 

FMt 


TbidUMSS 

tfStib 

klMlM 
HrfFMt 


1M 
FMt Us. 


ArHtf 

StMlpv 

Lhittl 

FMt 


36" 


65 
76 
91 
117 
143 


1.08 
1.51 
2.16 
3.23 
4.32 


60" 

(5') 


180 
252 
395 


1.80 
3.60 
7.20 


144" 

(12') 


1030 
1460 


4.32 
8.64 


(3') 


168" 

(14') 


1410 
1970 


5.04 


66" 

(5.5') 


217 
305 
478 


1.98 
3.96 
7.92 


10.08 




192" 

(16') 


1840 
2670 


5.76 




80 
93 
112 
144 
176 


1.20 
1.68 
2.40 
3.60 
4.80 


11.52 


40" 

(3.33) 


72" 

(6') 


269 
363 


2.16 
4.32 


216" 

(18') 


2330 
3260 


6.48 
12.96 


78" 

(6.5') 


304 
426 


2.34 
4.68 


240" 

(20') 


2870 
4030 


7.20 
14.40 


42" 

(3.5') 


88 

102 
123 


1.26 
1.76 
2.52 


84" 

(7') 


363 
493 


2.52 
5.04 


288" 

(24') 


4140 
5800 


8.64 
17.28 


90" 

(7.5') 


405 
667 


2.70 
5.40 


336" 

(28') 


5640 
7900 


10.08 




101 
117 
142 


1.35 
1.89 
2.70 


20.16 


45" 

(3.75') 


96" 

(8') 


461 
645 


2.88 
5.76 


384" 

(32') 


7380 
10300 


11.52 
23.04 


48" 


115 
134 
161 
253 


1.44 
2.02 
2.88 
5.76 


102" 

(8.5') 


520 
729 


3.06 
6.12 


432" 

(36') 


9360 
13100 


12.96 
25.92 


(4') 


108" 

(9') 


582 
817 


3.24 
6.48 


480" 

(40') 


11600 
16100 


14.4 

28.8 


54" 


146 
169 
204 
320 


1.62 
2.27 
3.24 

6.48 


120" 

(10') 


720 
1010 


3.60 
7.20 


540" 

(45') 


14600 
20400 


16.20 
32.4 


(4.5) 


132" 

(11') 


870 
1220 


3.96 
7.92 


600" 

(50') 


18000 
26200 


18.0 
36.0 



in inches. For values of coefficients see explanation of Slab 
Tables. For ^%, %% and %% coefficient=50, 70 and 90, 
respectively. 



22 MENSCH, THE REINFORCED 

BENDING MOMENTS IN FOOT-POUNDS IN SIMPLE 
LOADED WITH A TOTAL LOAD FBOM 



M 


SPAN IN FEET 












I 


1 


4 


5 


56" 


6 


6' 6" 


7 


7' 6" 


8 


86" 


30 


48 


75 


91 


108 


127 


147 


169 


192 


217 


100 


160 


250 


303 


360 


423 


490 


560 


640 


723 


MO 


176 


275 


333 


396 


465 


539 


620 


704 


795 


120 


192 


300 


363 


432 


508 


588 


676 


768 


868 


130 


208 


325 


394 


468 


550 


6:^7 


732 


832 


940 


140 


224 


350 


424 


504 


592 


686 


788 


896 


1012 


150 


240 


375 


454 


540 


634 


735 


845 


960 


1084 


160 


256 


400 


484 


576 


671 


784 


900 
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The bending moments are figured by the formula ^^ 
when p total load per square foot, 1 clear span in feet. 
For slabs freely supported, the bending moments increase 
by 25%. This table can also be used for finding the bending 
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moments in beams and girders in substituting for the load per 
square foot, the total load per lineal foot of the beam or 
girder. 
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The bending moments are figured by the formula ^Tq 
To find the proper thickness of slab and the reinforcement 
required, see pages 16 to 21. The cheapest slab is that, which 
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is reinforced by % to V2%', only, if the cost of steel is very 
low in comparison with that of concrete, a slab reinforced 
by %% niay prove the cheapest slab. 
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The bending moments are figured by the formula ^a 
when p the total load per square foot and 1 clear span in feet, 
''^'^here the slabs are not exactly square, but do not vary in 
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length to width more than the ratio 1:1.333, we substitute for 
1 the mean of the two sides. For proper slabs and reinforc- 
ing, see pages 12 to 19. In freely supported slabs the moments 
increase 25%. 
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9500 


12600 


15700 


ISiKX) 


25200 


31500 


2-6" 


14" 


16" 


18" 


20" 


24" 


24" 




.40 


.60 


.50 


.m 


.70 


1.00 




11400 


15200 


19000 


22700 


30400 


38000 


2-9" 


16" 


18" 


20" 


22" 


24" 


30" 




.50 


.50 


.60 


.70 


.90 


.90 




13500 


18000 


22500 


27000 


36000 


45000 


3-0" 


18" 


18" 


20" 


24" 


27" 


30" 




.50 


.70 


.80 


.70 


.90 


1.00 



The bonding moment is figured by the formula ^ 
'len p the load on the ground per square foot and 1 the pro- 
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LniMfiremri 


3000 


4000 


5000 


6000 


8000 


10000 


tralartl^ 

niitniMi 
ilFMt 


Tfetekuss 

AriaifStNl 


TliduMSS 

AmifStNl 


AriailStNl 


Tlictaitss 
AriailStNl 


Tlktaitss 

AriailStMl 


TliduMss 
AriaifStNl 


3-3" 


15800 
18" 
.55 


21100 
20" 
.70 


26500 
24" 
.70 


31700 
24" 
.90 


42400 
30" 
.95 


52800 

30" 

1.50 


3-6" 


18400 
18" 
.75 


24500 
24" 
.70 


30600 
24" 
.90 


36700 
27" 
.95 


49000 

30" 
1.20 


61500 

36" 

1.20 


3-9" 


21200 
24" 
.60 


28200 
24" 

.a5 


35300 
27" 

.90 


42300 
30" 
.95 


56400 

36" 
1.00 


70400 

36" 

1.30 


4-0" 


24000 
22" 
.66 


32000 
24" 
.86 


40000 
27" 
.97 


48000 

30" 

1.00 


64000 

36" 
1.00 


80000 

36" 
1.73 


4-6" 


msoo 

24" 
.72 


40500 

27" 
1.00 


50700 

30" 
1.10 


60800 

36" 
1.00 


81000 

36" 

1.80 


101000 

42" 

1.76 


5-0" 


37500 
27" 
.81 


50000 

30" 

1.00 


62500 

36" 
1.00 


75000 

36" 
1.50 


100000 

42" 

1.75 


125000 

48" 

1.50 


5-6" 


45300 
30" 
.90 


60300 

36" 

1.00 


75500 

36" 
1.50 


90700 

40" 
1.44 


121000 

48" 

1.50 


151000 

48" 

2.50 


6-0" 


54000 
32" 
.96 


72000 

36" 
1.40 


90000 

40" 

1.44 


108000 

42" 

1.80 


144000 
48" 
2.4 


180000 
54" 
2.4 


7-0" 


73500 

36" 

1.40 


98000 

40" 
1.92 


123000 

48" 

1.50 


147000 

48" 

2.40 


196000 

64" 

3.00 


246000 

60" 

3.50 



jection in feet. To find the weight of steel per sq. ft. 
multiply area with 3.4. 
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li 
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3 


48 


8 
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6 
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12 
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4 


64 


10 


13 


6 


.78 


14 


22 


4' 


5 


80 


10 


16 


6 


.90 


16 


25 




6 


96 


12 


16 


6 


.96 


16 


27 




8 


128 


12 


IS 


6 


1.08 


17 


30 




10 


160 


12 


20 


8 


1.20 


20 


33 




3 


61 


10 


13 


6 


.88 


16 


28 




4 


81 


10 


15 


6 


1.01 


18 


32 


4'-6" 


6 


101 


12 


17 


6 


1.15 


20 


36 


6 


121 


12 


18 


6 


1.22 


21 


38 




8 


162 


14 


21 


8 


1.42 


26 


44 




10 


202 


14 


23 


8 


1.56 


27 


49 




3 


75 


10 


14 


6 


1.05 


20 


37 




4 


100 


12 


17 


6 


1.28 


24 


46 


5-0" 


6 


125 


12 


19 


6 


1.44 


26 


51 


6 


150 


14 


20 


8 


1.50 


31 


53 




8 


200 


14 


24 


8 


1.8b 


34 


64 




10 


250 


16 


26 


8 


1.96 


37 


70 




3 


90 


10 


16 


6 


1.32 


27 


51 




4 


120 


12 


IS 


6 


1.50 


30 


58 


5'-6" 


5 


150 


14 


20 


8 


1.66 


35 


64 


6 


180 


14 


22 


8 


1.82 


37 


70 




8 


240 


16 


26 


12 


2.15 


48 


83 




10 


300 


16 


28 


12 


2.32 


50 


90 




3 


108 


12 


17 


6 


1.54 


33 


66 




4 


144 


12 


20 


6 


1.80 


37 


76 


6' 


5 


180 


14 


22 


8 


2.00 


44 


86 


6 


216 


14 


24 


8 


2.20 


47 


96 




8 


288 


16 


28 


12 


2.55 


60 


107 




10 


360 


18 


31 


12 


2.80 


65 


117 



Where the colmnn bases are considerably larger than given 
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3 
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12 
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6 
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42 
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4 
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21 
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2.05 


49 


94 
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55 
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6 
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12 


2.55 


66 
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8 


338 


18 


30 


12 


2.95 


76 


134 




10 
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20 


34 


12 


3.35 


82 


162 




3 


147 


12 


20 


8 


2.10 


56 


102 




4 


196 


14 


23 


8 


2.45 


61 


119 


7-0' 


5 


245 


16 


26 


8 


2.75 


70 


133 


6 


295 


18 


28 


12 


2.95 


81 


142 




8 


392 


20 


33 


12 


3..50 


92 


170 




10 


490 


22 


36 


15 


3.80 


105 


184 




3 
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14 


22 
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2.50 


66 


130 




4 


225 


16 


25 


8 


2.8^5 


74 


148 
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5 


282 


18 


28 


8 


3.15 


82 


163 


6 


338 


20 


30 


12 


3.40 


90 


175 




8 
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22 


35 


12 


3.95 


109 


206 




10 


560 


24 


39 


15 


4.40 


132 


228 




3 


192 


14 


23 


8 


2.75 


78 


162 




4 


256 


16 


26 


8 


3.15 


86 


174 


8' 


5 


320 


18 


30 


8 


3.60 


90 


200 


6 


;^4 


20 


32 


12 


3.85 


114 


215 




8 


512 


24 


37 


15 


4.45 


137 


245 




10 


640 


24 


42 


15 


5.05 


162 


280 




3 


216 


16 


24 


8 


3.05 


90 


180 




4 


288 


18 


28 


8 


3.56 


100 


208 


8-6" 


5 


360 


20 


31 


8 


3.95 


110 


230 


6 


432 


22 


34 


12 


4.35 


132 


255 




8 


578 


24 


40 


15 


5.10 


166 


300 




10 


720 


26 


44 


15 


5.60 


166 


330 



above, the depth of the footings may be diminishc*!. 
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5 
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8 
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18 
20 
22 
25 
27 
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36 
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47 


8 

8 

8 

12 

15 
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4.50 
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5.70 
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120 
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163 
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204 
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266 
280 
306 
366 
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4 
5 

6 

8 
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362 
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542 
723 
950 


18 
20 
22 
24 
26 
30 


27 
31 
36 
39 
44 
61 


8 

\ 

12 
15 
15 


3.90 
4.50 
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5.60 
6.30 
7.30 
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160 
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216 
236 


266 
.296 
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366 
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476 
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4 
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(i 

8 
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300 
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500 
600 
800 
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18 
20 
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24 
27 
30 


29 
33 
37 
40 
47 
62 


8 

8 

8 

12 

15 

18 
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7.10 
7.80 


139 
166 
173 
206 
266 
284 
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340 
386 
410 
486 
630 


10'-6'' 


3 
4 
5 
6 

8 
10 


330 
440 
550 
660 
880 
1100 


18 
20 
24 
26 
28 
32 


30 
36 
39 
42 
49 
66 


8 

8 

8 

12 

15 

1.8 


4.80 
5.60 
6.20 
6.70 
7.80 
8.70 


167 
178 
200 
233 
282 
329 


346 
406 

■•a 

.0 


11' 


\ 

5 
6 

8 
10 


363 
484 
605 
726 
968 
1210 


20 
22 
24 
27 
30 
32 


32 
36 
41 
44 
61 
67 


8 

% 
if 

18 


5.30 
6.00 
6.80 
7.30 
8.50 
9.50 


182 

202 

226 

266 

319 ^ 

362 



Where the column bases are considerably larger than given 
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8 
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20 


34 
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600 




4 
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24 


39 


8 
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5 
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27 


44 


8 
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6 
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28 


48 


12 
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32 


66 


18 
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830 
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34 


62 


18 
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3 
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22 


36 


8 


7.10 


282 
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4 
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26 


42 


8 
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5 


840 


28 


48 


8 


9.40 
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6 


1020 


30 


62 


12 


10.20 
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8 


1350 


34 


60 


18 
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1040 


! 


10 


1690 


36 


67 


21 
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i 


3 
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24 


40 


8 


8.40 
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810 




4 
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27 


46 


8 


9.70 


387 


930 


14' 


5 
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30 


61 


8 


10.70 


433 


1030 


6 


1180 


32 


66 


12 


11.80 


606 


1130 




8 


1550 


36 


64 


18 


13.40 


631 


1290 




10 
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40 


72 


21 


15.10 


726 


1460 




3 


675 


26 


42 


8 


9.50 


406 


970 




4 
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28 


49 


8 


11.10 


469 


1130 


5 


1130 


32 


66 


8 


12.40 


626 


1270 




6 


1350 


34 


60 


12 


13.50 


612 


1360 


^ 


8 


1800 


40 


70 


18 


15.80 


774 


1610 


- '\ 


10 


2250 


42 


78 


21 


17.60 


881 


1800 


3 


1200 


32 


67 


8 


17.10 


926 


2340 




4 


1600 


36 


66 


8 


19.80 


1067 


2700 




5 


2000 


40 


73 


8 


21.90 


1167 


3000 


t 


6 


2400 


48 


80 


12 


24.00 


1380 


3280 


' 1 10 


3200 


56 


97 


18 


29.20 


1760 


4000 


4000 


60 


106 


21 


31.80 


2020 


4360 



above, the depth of the footings may be diminished. 
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32 
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1.56 
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61 


JL 

4 
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2.25 
7.66 
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38 


66 


_z_ 

• 


2.40 
8.20 


18.0 


16.2 


3.06 
10.40 


4.5 


43 


69 


1 


3.14 
10.7 


Ii" 
2' 6" 


27. 


21.0 


4.00 
13.60 


5.9 


48 


64 


14- 


3.97 
13.6 


W 
2' 6" 


27. 


27.0 


5.04 
17.2 


7.3 


1 

i " 


1^ 


4.90 
16.70 


r 

2' 9" 


40. 


33. 


6.25 
21.3 


9.2 




76 


1-i- 


5.93 
20.2 


r 

2' 9" 


40. 


40. 


7.56 
26.7 


11.0 






14- 


7.06 
24.1 


2" 
2' 9^ 


40. 


47.5 


9.00 
30.6 


13.1 


1 


1 5 8.24 
* 8 28.2 


2" 
2' 9" 


40. 


55.5 


10.6 
36.0 


16.0 




_ 


iJL 9.6 
* 4 32.7 


2}" 
3'0" 


70. 


64.8 


12.3 
42.0 


18.3 




i^ 


11.06 
37.6 


2r 

3'0" 


70. 


75.0 


14.10 
48.0 


20.5 




' 


12.56 
42.8 


2i" 
3'0" 


70. 


85.0 


16.0 
64.6 


23.5 






MteFtitilCNcriti PIT UiMl Fiat .... 
MamtwfflMietlimifsaatArfas . . . 
Kantor If 9etapial Man •( SMI Arias . . 


.42 
0.76 
8.6 


.67 
II. 1 
10.9 



"Denotes the area in square inches of the concrete section, 
as well as the weight of column per lineal foot. 
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114x12" 

♦138 
162000 


13ixl3r 

♦182 
181000 


151x153" 

♦240 
1108000 


17ixl7r 

♦305 
3:137000 


19ixl9i" 

*375 
3:169000 


21x21i" 

♦450 
1202000 


23x23i" 

♦530 

1238000 


67 


86 












70 


89 


116 










74 


93 


120 


149 








78 


97 


124 


153 


186 


218 




83 


102 


129 


158 


190 


223 


259 


89 


108 


135 


164 


196 


229 


265 


96 


114 


141 


170 


202 


236 


271 


102 


121 


148 


177 


209 


242 


278 


110 


128 


155 


186 


217 


249 


286 




137 


164 


192 


226 


258 


293 




146 


173 


202 


234 


267 


303 






183 


212 


244 


277 


313 






222 


264 


287 


323 


.96 
13.26 
13.0 


1.27 
16.25 
16.0 


1.67 
17.50 
17.2 


2.12 
19.76 
19.4 


2.61 
21.90 
21.5 


3.14 
24.0 
23.7 


3.70 
26.0 
26.6 



^Denotes load carried by the concrete alone. 
The black figures denote the column loads in 1000 



lbs. 
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?.I2 
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21.5 



*Denotes the area in square inches of the concrete section, 
as well as the weight of column per lineal foot. 
^Denotes load carried by the concrete alone. 
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amS IF ClUMIB M HCKS 
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540 


262 
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401 
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336 
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489 
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366 
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3.14 
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4.4 


5.11 


5.85 


6.70 


7.60 


4.0 


26.0 


28.4 


30.6 


32.7 


35.0 


37.3 


3.7 


25.5 


27.8 


30.0 


32.2 


34.4 


36.6 



The weight of coils per foot =1/20 side of column in inches. 
The black figures denote the column loads in 1000 pounds 
when round bars are used. 
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DHHEKSIOKS AND PBOPEBTIES OF aiBDEBLESS 
FLOOR COKSTBUCTIOKS. 
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DIMENSIONS AND PBOPEBTIES OF aiBDEBLESS 
FLOOB OONSTBUCnONS. 











MY MSTiUKB M FEET 














18' 


19' 


20' 


.1 




, 




Maih 


1 

ji 


« 




Maih 


1 


« 


1^^ 
1^ 


Maih 


u 


id 


•tirif 


u 


|fif 


•tirff 


1^ 


•lirif 


li 


3 


fi's 


td 


CipRil 


3 


I'S 


f ^ 


CipRil 


3 


i« 


CapM 


V 


li 


S& 




V 


li 


;& 




V 


'I 


«k 




'I 




1' 


V 


WMIh 
•fSlripi 






i» 


WMIh 
ifSlripi 




i« 


i« 


WMIh 
•f Strips 


100 


6' 


.18 


1.3 


v-r 


6 


.19 


1.40 


4/_4« 


6 


.25 


1.77 


4'-<>" 


160 


6i 


.25 


1.8 


G'-4" 


6+ 


.82 


2.30 


6'-8'' 


7 


.32 


2.27 


7'-</' 


200 




.87 


2.7 




7 


.44 


3.20 




n 


.45 


3.20 




260 


n 


.45 


3.2 




n 


.54 


3.90 




H 


.65 


4.60 




300 


H 


M 


4.6 




8 


.62 


4.40 




8 


.75 


6.30 




360 




.67 


4.8 




8 


.82 


6.80 




9 


.75 


6.30 




400 




.83 


6.9 




9 


.80 


6.70 




9 


.92 


6.60 




460 


9 


.80 


6.7 




9 


.92 


6.60 




10 


.86 


6.10 




600 


9 


.91 


6.6 




10 


.86 


6.10 




10 


1.1 


7.80 













MY IBTiUKB M FEET 














21' 


22' 


25' 


100 
160 
200 


6 

7 

H 


.27 
.54 


1.91 
2.70 
3.80 


4'-9« 
7'-4" 


6i 

7 

H 


.25 
.46 
.60 


1.78 
3.26 
4.26 


5'-3'' 
7'-8'' 


7 

n 

8 


.33 
.59 

.80 


2.36 
4.20 
6.68 


8'-!r 


260 
300 


8 
9 


.67 
.67 


4.80 
4.80 




8 
9 


.76 

.80 


6.40 
6.70 




9 
10 


.87 
.90 


6.20 
6.40 




360 
400 


9 
10 


.86 
.84 


6.10 
6.00 




10 
10 


.78 
.96 


6.62 
6.80 




10 
10 


1.10 
1.40 


7.80 
9.90 




460 
600 


10 
10 


1.00 
1.20 


7.10 
8.60 




10 
10 


1.20 
1.30 


8.60 
9.20 




II 
II 


1.45 
1.58 


10.30 
11.20 





CONCRETE POCKET BOOK. 5« 

EZPLAKATIOK OF TEE BEAM TABLES AND BJTLBB 
FOB THE DESIOK AND OOKSTBUCTIOK OF BE- 
INFOBCED CONCBETE BEAMS. 

The seemingly irregular sizes of the stems of the Tee are 
adopted for the reason that in most of the localities of the 
United States the commercial sizes of lumber are less than 
the nominal sizes. A so-called 2"xl0" plank is often only 
l%"x9%", and if the two edges of the plank are sized these 
dimensions may be still less. This is the reason why beams 
No. 1 to No. 98 have a width less than an even number of 
inches, while beams No. 201 to No. 265 may be used where 
lumber in full sizes is obtainable. As stem depth we adopted 
the greatest depth which can be formed by the commercial 
sizes of the planks, used for the side of the forms, without 
any waste. This can be more clearly seen from inspecting 
the table on beam forms. 

The safe bending moment, which may be allowed for these 
beams, were found by the approximate, but safe and con- 
venient rule: Moment in foot-pounds=18000Xarea in 
square inches of the reinforcement X depth of stem in feet, 
which stem depth we substitute for the distance of center of 
reinforcement to center of compression. The fibre stress of 
18000 pounds is about % of the elastic limit of commercial 
high carbon bars or cold twisted steel bars. 

This rule supposes that the entire compression is taken up 
by the flange or slab, which compression must = the tension 
in the steel rods. Allowing a fibre stress of 400 pounds per 
square inch in compression in the slab, we find that the least 
available width of the flange must = 45 X area of reinforce- 
ment in square inches divided by the thickness of the slab in 
inches. 

This width is, however, also governed by the consideration 
that it cannot be greater than the distance between the 
beams, nor greater than 400 X area of the reinforcement, 
divided by the total depth of stem and flange in inches, or, 
in other words, the reinforcement of the ideal slab cannot bo 
less than %%, It is generally sufficient to check thf 
strength of the flange of the Tee beam by the first rule. 
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In figuring the shear of the beams we assumed that the 
thickness of the slab is four inches for all beams having a 
stem 12%" deep or less, and five inches for deeper beams, 
and that the allowable shear per square inch of the cross 
section may be 60 pounds without any special provision for 
shear. This does not mean, however, that stirrups may be 
dispensed with. The number of stirrups, even in this case, 
should not be less than the number of lineal feet in the span. 
These stirrups should be spaced 6" c. c. near the supports and 
18" in the center of the beam, and serve mostly the purpose 
of preventing shrinkage cracks at the junction of stem and 
flange. It is not advisable to use beams where the shear ex- 
ceeds 125 pounds per square inch of the concrete section, 
although quite a number of beams with a larger shear have 
done service for many years. Where the shear exceeds 60 
pounds per square inch, the bending up of part of the number 
of the rods is absolutely necessary, and the number of 
stirrups must be increased. It is not advisable to increase 
the number to more than 1% times the number above men- 
tioned, and it is preferable to increase the size of the stirrup 
bars. The spacing of the stirrups may be found by the fol- 
lowing rule: Substract from the actual shear the shear given 
in the beam tables and multiply the depth of the stem in 
inches by 10000 times the sectional area of the stirrups and 
divide by one-half of the above mentioned difference of 
shear values. Experiments prove that the bending up of the 
reinforcing bars in different adjoining planes increases the 
strength of the beam in shear to a very considerable extent 
and that we are justified in assuming that the bent-up por- 
tions of the bars take up at least one-half of the shear, which 
is not taken up by the concrete, and that the other half is 
taken care of by the stirrups. 

Where beams are freely supported and uniformly loaded, 

the bending moment is found by the formula, £L when p= 

8 
total load per lineal foot, and 1 = span in feet, which is 
somewhat larger than the clear span. For continuous beams 
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on three or more supports, the bending moment at the cente] 
may be taken as EL , and can be conveniently found ii 
tables on pages 22 to 25. 

Large negative bending moments appear in continuouc 
beams over the supports, producing a reversal of stresses at 
these points. While present practice has fully decided to 
take care of the full negative moments in case of continu 
ous slabs, by placing the same amount of reinforcing on top 
of the slabs over the supports as at the underside in the 
center, the practice in regard to continuous beams is yet un- 
decided. This may be ascribed to the fact that signs of 
weakness of continuous Tee beams at the supports are very 
rare and may be explained by the assumption that the con- 
crete slabs take up a great portion of the tensile stresses. 

The short brackets forming an angle of 60 degrees or more 
with the horizontal, as frequently found in practice, are 
mostly adopted for good luck and without any statical con- 
sideration; their adoption considerably increases the cost of 
the structure and simply shifts the weak point a few inches 
away from the columns and, besides, tends to increase these 
negative moments. The practice of to-day has the tendenccy 
to suppress the brackets entirely or to make them very flat. 
Moreover, a charge of $1 to $1.50 is made by plasterers for 
plastering each bracket, and they often interfere with parti- 
tions. 

The tensile stresses over the supports are generally only 
taken care of by extending the bent-up bars more or less into 
the adjoining beam. In very heavy beams, however, and 
especially bridge girders, extra rods of the same section as 
the straight rods and of a length = 0.4 of the span should be 
imbedded at the top over the supports. 

Figure No. 1 shows a standard design of a beam. Half the 
number of the rods are straight and of a length = L + 408, 
when L = span c. c. supports, and s the diameter of the rods, 
and the other half are bent up in various planes and of a 
length = L + 60s -f d, when d = the depth of the stem. 
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The bends of the rods should never be sharp and the radius 
of the bend not less than 1% s, which allows of cold bending 
of the rods, even for the largest diameters. It is preferred 
practice to arrange the rods in pairs in vertical planes, and 
the "writer's practice to keep them in their proper places is 
shown in Pigures Nos. 2 and 3. The stirrups, which in most 
cases are made of % to %" round or square wire, are 
originally made in the shape shown in dotted lines. They are 
forced into the beam form and rest with their horizontal legs 
on the floor boards. They possess considerable spring, which 
produces a friction against the sides of the forms, preventing 
any shifting in a horizontal direction. They carry the weight 
of the rods and prevent them from approaching nearer to the 
underside of the beam than is desired. Two or three bent 
spacing wires, as shown in Figure No. 3, keep the rods in 
place in transverse direction. After the beams are concreted, 
the stirrups are pushed back, by means of tamping bars, into 
the position shown in black in Figure 2. The writer con- 
siders it essential that the stirrups reach well into the slab, 
as otherwise a separation of stem and flange can hardly be 
prevented sooner or later, especially in case of fire. The use 
of small hooks at the end of girder rods increases the cost 
without any adequate increase of strength. 

It is good practice to give the beams a camber of at least 
W% or 1/300 of the span. 

Example: A continuous beam, 18' c. c. supports, which 
supports are 12" wide, carries a slab 10' wide with a total 
floor load of 250 pounds per square foot. The total load per 
lineal foot of beam = 2500 pounds, and the bending moment 

^^^^^^^ =72000 foot-pounds, which also may be found from 

10 
tables on page 24 by multiplying the bending moment for 

250 pounds by 10. On page 7 we find that beam No. 40 will 
answer. The total shear at the supports = 2500X8.5 =21250 
and at a point 2' 6" away from the supports = 2500X6= 
f 15000. Assuming that we use ^" round wire for the stir- 
raps, the area of both legs of the stirrup is 0.098 and the 
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spacing at botli points is given by iM2^M^£l5:?^ ^ 3 5 

^^^ 10,000x0.98xl6.*>5 ^^^„ ^^^^^ 455O ^^^ I45O _ j^^l^ 

1400 
the difference between the actual shear and the shear of 

12100 as given in the beam table for No. 40. Figure No. 1 
shows the distribution of stirrups which may be safely used. 
The cost of a stirrup is only a cent or two in most eases, and 
it will generally suffice to figure the shear at the supports 
only and to determine the spacing at this point, and to in- 
crease the spacing successively by one inch until one-quarter 
of the span is reached. 

The following table will facilitate this work: 
Let d = the stem depth of the beam, and c = spacing of 
the stirrups; then for the various relations of d:c and for 
the various sizes of stirrup bars, the allowable difference be- 
tween the actual shear and the shear given in the beam 
tables are 



c 



10 
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3900 
4900 
6890 
8800 



1960 
2450 
2950 
4200 



Second Example: A continuous beam, forming part of a 
square slab, IS'xlS', is supported on columns 12" square. The 
total load per square foot on the slab is 250 pounds, and this 
slab, on account of being reinforced in both directions, will 
transmit to each beam ^ of the panel load. This load will 
be in form of a triangular load, having its apex in the center 
of the beam. If there are panels on both «ides the load per 
lineal foot in the center = 18X250=4500 pounds, and be- 
comes zero at the supports. The bending moment in such a 
case is % of the moment produced by a uniform load of 4500 
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pounds per lineal foot, or =-Lxl§2^EHf= 87000 foot- 

^ ^ ^3 10 

pounds^ which closely corresponds to beam No. 41, or to 

beam No. 39 when square bars are used. 

It will be noticed that in both cases only the clear span was 
used in the calculation. More • conservative designers may 
possibly use a mean between the clear span and the span 
center to center of supports, but it is a clear waste of money 
to figure with the span center to center of supports, when the 
latter are two feet wide or wider. Only in the case of beams 
which are carried by girders the writer advocates to figure 
with the span center to center of supports. In case of non- 
continuous beams the span is to be taken as center to center 
of bearing. 

For the convenience of persons of little experience in re- 
inforced concrete construction, who wish to share in the 
alleged enormous profits made in this line of construction, 
quite a number of unit systems of ready-made and assembled 
beam reinforcement are at present in the market. While 
they may be a good thing for inexperienced persons, they are 
decidedly more expensive than the ordinary method above 
described. It is the writer's practice to have on every job, 
besides competent foremen, an experienced engineer as super- 
intendent, to watch the distribution of the steel; and this is 
a far better safeguard than unit reinforcements, which in the 
hands of incompetent men, do not prevent of placing the 
units in beam forms, where they do not belong. 
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EXPLANATION OF SLAB TABLES. 

Experiments have fully demonstrated the fact that the safe 
bending moment in foot-pounds per lineal foot of a slab of 
the ^thickness t in inches is equal to coefficient x t*. This 
coefficient depends on the amount of reinforcing per linea^ 
foot, the mixture of the concrete and the distance of the 
center of the reinforcing bars from the compression face of 
the slab. We assume that the latter distance amounts to 
0.87 t, or that the center of the bars is 0.13 t from the tension 
side. Where it is desired that the latter distance is greater 
a corresponding addition is to be made to the thickness as 
found in the tables. 

The amount of reinforcing per lineal foot is often ex- 
])ressed in percentages of the steel area to the concrete area. 
We say that a four-inch slab is reinforced by 1% of steel, 
when the area of the steel bars per lineal foot of slab 

_ 4xJ- — 4g square inches, or that a five-inch slab is re- 

100 ^ 

inforced by .35%, when the steel area per lineal foot,, 

_ 5x12 



100 



X 0.35=0.21 square inches. 



The following table gives the values of the coefficient as 
found by many hundred experiments and by innumerable 
application in practice: 
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Slabs, reinforced with less than ^%, act as plain concrete 
slabs. 

The percentages greater than one are seldom used. 

The mixtures 1:6, 1:5, and 1:4 mean concrete mixtures of 
one bag of cement, weighing at least 94 pounds, to six, five 
and four cubic feet, respectively, of sand and gravel or 
crushed rock. While it is usual to give the volumes for 
sand and gravel or rock separately, experienced concrete men 
will agree that the relation of sand to gravel or rock has 
often to be varied on the same job in order to obtain the 
densest concrete or the best results. The reason is that the 
voids in the stone are fairly uniform, while those in the sand 
vary from 30 to 60%. 

The tables .on pages 22 to 25 give the bending moments for 
various total loads per square foot and various spans for 
continuous slabs over three or more supports, which slabs we 
call simple slabs. The tables on pages 26 to 28 give the 
bending moments for continuous slabs, supported on four 
cides, which, for convenience, we call square slabs. 

All these bending moments are for a slab ONE FOOT 
WIDE, and throughout this book the slabs are figured by 
first finding the bending moment per lineal foot width of slab. 

As mentioned in the explanation of reinforced concrete 
beams, in continuous slabs appear negative moments over the 
supports, which should be taken care of by the same number 
of rods as placed at the underside of the slabs. Formerly it 
was tried to accomplish this by bending up over the supports 
all or half the number of rods. While in theory this looks 
simple enough, it is a difficult thing to obtain in practice. 
The rods haye a tendency to turn sideways, and very often 
there is hardly a rod in five feet which is actually near the 
top face over the supports. The result is that cracks appear 
\ in the slabs at, or a few inches alongside, the beams. This 
is the reason why the writer advocates placing separate rods 
of the same number as those used at the underside and of a 
I length = 0.4 of the span, at the top of the slab. These rods 
are placed after the slab is concreted and are pressed into the 
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wet concrete. The writer does not find the same difficulty 
in case of square slabs, for the reason that the spans are 
much larger and the rods, if temporarily supported by short 
pieces of scantling or permanently by special bars, will hang 
through in 9. catenary and have no tendency to turn side- 
ways. Therefore, no extra rods are to be placed in square 
slabs. 

Figures 4 and 5 show the standard design for simple and 
square slabs. For the bending moment per lineal foot of 
square slabs from the total dead and live load we adopt the 

formula BJ_ in ease of continuous slabs, and £— in case 

24 20 

of freely supported slabs. 

This represents the average bending moment per lineal foot 
in each of the two main directions. A simple consideration 
will show that the maximum bending moment must occur in 
the central portion of the slab, and for this reason we pro- 
pose the following rule for the spacing of bars in square 
slabs. 

After having determined the sectional area of the reinforc- 
ing per lineal foot and the corresponding sizes and spacing of 
the bars from tables on pages 12 to 15, divide the span in 
inches by the spacing of the rods in inches and obtain the 
total number of the rods, required in one direction. Place 
one-half of this number in the middle third of the span, 
while the other half may be equally distributed in the outer 
thirds. 

Where panels are not exactly square but where the ratio 
of the sides is not greater than 1.33, we find the average 

moment per lineal foot by the formula Hi_ , when 1 = mean 

^ 24 ' 

between the two sides in feet. 

It is not economical to consider slabs supported on four 
aides when the ratio of the sides is greater than 1.5. 

In some instances, as for dead loads, continuous water and 
earth pressures, continuous footings, it is good practice to* 
figure the bending moment in continuous simple slabs by the'* 

formula EL_ 
12 
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IBxamples: 'X continuous slab lias to support, on a clear 
span of 9' 6", a total load of 350 pounds per square foot. 

The bending moment per lineal foot = ^^^^•^^==3150 foot- 

poundSy which can also readily be found in table on page 23. 
On page 17 we find that a 6" slab with 0.504, or a 6^4" slab 
with 0.42 square inches of reinforcement per lineal foot will 
ansTver. If we adopt the first, we can find on page 14 that 
^" square bars, 6" c. c. will suffice. Over the supports we 
shall place the same rods, but only 4' long. The longitudinal 
reinforcement should not be less than %% = 0.09 square 
inches per lineal foot, which corresponds to %" square bars, 
18" c. c. The weight of a bar of steel one inch square and 
one foot long is 3.4 pounds. Hence the theoretical weight of 
the reinforcement per square foot is found by multiplying the 
area per lineal foot by 3.4. On account of the rods extend- 
ing at least 0.12 of the span beyond the center of the beams 
and on account of the extra rods, this coefficient increases to 
an average of 5.3, and the weight of the reinforcement per 
square foot in our case = 0.504X5.3=2.7 pounds, which is 
also given in table on page 14. To this is to be added the 
weight of the longitudinal reinforcement for which the co- 
efficient of 4 will suffice, or can be found on page 13. 

Second Example: A continuous square slab of 15.5' clear 
span has to support a total load of 150 pounds per square 
foot. The average bending moment per lineal foot 
= 150x15.5^ =1500 foot-pounds, which can also be taken 

directly from table on page 28. On page 17 we find that a 
5" slab, reinforced by 0.21 square inches, will do. On page 
12 we learn that 0.21 corresponds to %" round bars 6%" c. c. 
This requires 30 bars in the length of 15.5', 15 of which we 
we shall space 4" c. c. in the middle third, while in each outer 
third we shall have seven spacings of 7^". 

We can use the same thickness of slab and the same rein- 
forcement if the slab has the dimensions 14'xl7', with the 
exception that 33 rods will run in the shorter way, and 27 
rods will run the long way. It is the writer's practice to let 
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only those rods hang through a catenary, which are placed 
in the middle third, while those in the outer third remain 
straight. This considerably facilitates the placing of the 
rods. The wiring of floor rods at each intersection is a grreat 
waste of money. Two at the utmost three points in each rod 
need only to be fanned to other rods. The binding -wire 
should be No. 16 annealed wire. The rods should extend at 
least 0.12 of the span beyond the center of the beams, both 
in simple and square slabs. 

Third Example: A lintel, 17" wide and of a clear span of 
9', has to support 2000 pounds per lineal foot. Assuming the 
bearing is 9", we shall take the span =9.75'. The bending 
moment = 2000x9.75^ =24000 foot-pounds, or per lineal foot 

width of lintel 24000-4-1.42=17000 foot-pounds. On page 19 
we find that this requires a slab 15" thick, reinforced by .99 
square inches per lineal foot width, or 1.41 square inches for 
a width of 17", which corresponds to 2-% "and 2-%" round 
bars, as can be seen on page 5. 

It may be well before closing this chapter to remark that 
the longitudinal reinforcement of %% is in fact too small to 
prevent cracks. It represents, however, actual practice, and 
no great inconveniences occurred. In roofs and other struc- 
tures exposed to the elements, the longitudinal reinforcement 
should not be less than %%. The weight of a slab per square 
foot, in pounds, can be found by multiplying the thickness in 
inches by 12. 
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EXPI.ANATIOK OF TABLES OK WALL AND COLUMN 
FOOTINaS. 

The bending moment in foot-pounds in wall footings of the 
type shown in Figure No. SS, we assume to be equal to *~- 
when p the load on the ground per square foot and 1 the pro- 
jection in feet. Having found the bending moment, we can 
find the thickness of the concrete and the area of the re- 
inforcing from the slab tables on pages 16 to 20. The shear 
in footings is greater than in any other member of construc- 
tion, and therefore we recommend and have adopted the 
minimum percentage of reinforcement of %%, to obtain the 
greatest depth of footing. We recommend the use of com- 
paratively small bars with close spacing for the reinforce- 
ment. For example: where 0.6 square inches of steel per 
lineal foot is required, the use of ^" square bars 5" c. c. will 
be preferable to %" square bars 7%" on centers. 

We consider column footings as cantilevers in four direc- 
tions, and the theoretical bending moment at a cross section 

through the center of the footing would be Ef- , if the 

column load be concentrated at a point in the center. In as 
much as the column distributes the load over its own area, 
the bending moment is reduced in the footings shown in 

2 

table to about El- , when p the load on ground per square 

15 
foot, and s the side of footing in feet. On account of the 

trapezoidal form of the section, we consider the footing as 

a slab of only half the width of the footing. On account of 

the great shear values we again adopt only the minimum 

amount of reinforcement of %% in order to obtain the 

greatest depth. Also here the use of small rods and close 

spacing is recommended. 

For Example: A footing has to support a load of 180,000 

pounds on ground which will carry 6000 pounds per square 

foot. On page 32 we find that the footing should be 5' 6" 

square. The depth of the footing in the center is 22" and at 
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the edge 8". We have to place 1.82 square inches of steel in 
the two main directions, which correspond to nine %" round 
bars in each direction. No column smaller than 14" should 
be placed on this f ooting, and in figuring the cubical contents 
it was assumed that the top is 14 -|- 12=26" square. Such a 
footing would contain 37 cubic feet of concrete and 70 pounds 
of steel. 

Cantilever Footings: Where a column or wall footing must 
be kept inside the property line and where the width of the 
footing is so great that the center of pressure comes outside 
of the middle third of the footing and produces too high a 
unit pressure on the ground, a cantilever construction, as 
shown in Figures Nos. 7 and 8 should be resorted to. 

For an example we shall assume that the column A has to 
support 450,000 pounds and that the allowable pressure on 
the soil is 5000 pounds per square foot. Columns A are 18' 
on centers; this requires a footing alongside the property line 

^^^•^^^ =5' 0" wide. This. footing we figure as a slab of a 

5000x18 ^ * 

clear span of 18' — 3' 0"=15' and loaded by 5000 pounds per 

square foot. The bending moment in this slab ^^^ 

=94000 foot-pounds per lineal foot of width. The column 
can take up the load from 2' 6" width of the slab as a 
symmetrical load, but the load from the other 2' 6" must be 
transferred to the column by means of the cross-beam * * AB. ' ' 
We err on the safe side if we assume the bending moment on 

the cross-beam to be 5000 X 2.50 X 18 X ^'^^ =280,000 foot- 

2 
pounds. This assumes that the cross girder does not act as 

footing itself, and in building the cross girder loose rock 

one foot deep should be placed at the bottom to allow of 

slight settlements. 

The formula: bending moment in foot-pounds=Coefficient 

X square of thickness of slab in inches, will enable us to find 

the dimensions of the footing slab and cross girder. For li% 

of reinforcement the coefficient =: 50 or the square of the 

thickness for the footing slab = ^4^=* ^^®^' ^^ *^^ *^^^^ 

60 
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ness 43". The bending moment per foot width of cross 
girder=280,000-^3=93300 foot-pounds; therefore, a slab of 
43", reinforced by %%, will also answer. 

The amount of steel in the footing slab = 60X43X— «6.5 

square inches, and in the cross girder = 36 X 43 X— -=3.8 

square inches, corresponding to three l^^" and three 1^", 
and to three %" and three 1" bars, respectively. It is clear 
that these rods must be placed at the top of the slabs, and in 
case of the footing slab, the three 1%" bars should be bent 
down at the supports to take care of the shear and of the 
negative moments. Besides, three 1%" bars, 7' 3" long, 
should be placed at the bottom of the footing slab at the 
columns, also to take care of the negative moments. Figuring 
the cost of concrete at 30c per cubic foot, steel at 2i^c per 
pound, the average cost of this cantilever footing per lineal 
foot of wall is only $9.20. 

Second Example: Let us assume a 17" concrete basement 
wall has to support 20000 pounds per lineal foot. The interior 
columns are spaced 16' on centers. Allowing 5000 pounds per 
square foot on the ground, the width of the wall footing 
=20000-^5000=4'. The width of 4'— 1'-5"=2'-7" produces 
an excentric loading, and must be designed to transmit the 

load to the cross girders. The bending moment = ^^^^^^'^ 

=76000 foot-pounds. For %% of reinforcement the square 
of the depth in inches= 76000-7-50= 1530, or the depth practi- 
cally 40", and the amount of reinforcing =33X40X-i-=« 

400 
3.1 square inches, or four 1" round bars. 

The bending moment for the cross girder = 5000 X 2.583 X 

16x-^i|^ =267,000 foot-pounds, or per lineal foot width= 

89000. A depth of 40" requires a coefficient of 89000:1600= 
56, or per table on page 64 a percentage of 0.325. The area 

of the steel in the cross girder = 36x40 v 0.325=4.7 sauare 

100 ^ 

ches. 
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The cost of this footing is only $7.49 per lineal foot of wall. 
Careless designers often omit to take care of the ezcentrie 
loading, and the whole saving amounts only to $3.50 per 
lineal foot in such a case as this, but endangers the stability 
of the building. 

EXPLANATION OF THE COLUMN TABLES. 

The sizes of the columns here adopted are governed by the 
commercial sizes of lumber, and \he scheme of the form work 
may be found on page 102. Most of the building ordinances 
of the larger cities of the United States allow a stress of 450 
pounds per square inch on the concrete section, and 15 times 
this amount = 6750 pounds per square inch on the steel sec- 
tion, which specifications represent safe practice, but should 
be amended in regard to the limiting of the amount of rein- 
forcing and in regard to the mixtures of the concrete. Ex- 
periments have demonstrated that the steel does not take 6750 
pounds stress if the reinforcement exceeds 5% of the cross 
section; they have further demonstrated that we can increase 
the stresses both on the concrete and on the steel, if we use 
richer mixtures than one part cement to six parts of sand and 
crushed rock, and we can lay down the following rules: 

For 1:6 mixture allow per square inch 450 pounds on con- 
crete and 6750 pounds on steel; 

For 1:5 mixture allow per square inch 500 pounds on con- 
crete and 7500 pounds on steel; 

For 1:4 mixture allow pier square inch 550 pounds on con- 
crete and 8250 pounds on steel; 

For 1:3 mixture allow per square inch 600 pounds on con- 
crete and 9000 pounds on steel; 

which increases the loads in the tables 11%, 22% and 33%, 
respectively; or we have to decrease the given column loads 
by 9%, 18% or 25% in order to use readily the table figures. 

It is cheaper to use richer mixtures, but at the same time 
it must be considered that richer mixtures are less fireproof 
than leaner mixtures. Most building ordinances specify that 
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the outer inch of concrete shall not be considered as carrying 
stress, and in this case take the column one size larger than 
found in the tables. 

The value of ties binding the column rods together is 
largely over-estimated. The ordinances generally specify the 
ties to be not farther apart than the least dimension of the 
column, without specifying the size of the ties or the kind 
of connections. We to-day know that the steel rods have 
only the task of keeping the strength of the concrete within 
the same value as that found in compression tests on cubes 
of 12" size, and that the failure of columns are produced by 
shearing of the concrete on 45°, which failure cannot be pre- 
vented by the ties ordinarily used. Ties are, however, neces- 
sary in order to hold the steel rods in place, and in some 
cases to guard against shear, especially in excentrically 
loaded columns. 

The writer finds it cheaper to use coils instead of loose ties, 
which coils consist of No. 3 soft annealed wire, and have a 
pitch of 12". They are made by winding the wire on a 
collapsible core. The weight in pounds per foot of these coils 
is found by dividing the side of the coil in inches by 20. 
Where columns connect with smaller columns on top it is the 
writer's practice to slope the rods uniformly from the bot- 
tom to the top where the difference in size is not very con- 
siderable, say not more than eight inches. In this case, the 
coils must reduce in diameter towards the top, which is done 
on a tapered core. 

The column rods should be connected at each floor level, 
either by over-lapping of the rods or by means of gas pipe 
sleeves, as given in the tables. The space between the steel 
rods and the pipes should be carefully grouted with cement and 
sand in proportion of one to two. Where the size of the columns 
as given in pages 36 to 41 is too large, Oonsidere columns 
or hooped columns, as given on pages 42, 43, may be used. 
Oonsidere demonstrated that hooping increases the strength 
of the concrete 20%, and that the value of the reinforcing by 
coils or hoops is 2.4 times the value of the reinforcing by 
>ngitudinal rods, provided that the pitch of the helix of the 
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coils or the distance of the hoops does not exceed 1/7 of the 
diameter of the coils. Assuming 1:3 concrete, we are justified 
to allow 720 pounds per square inch in compression on the 
concrete, 10800 pounds per square inch on the longitudinal 
reinforcement, and 25420 pounds per square inch on the ideal 
longitudinal reinforcement which has the same weight as the 
coils adopted. 

Where even Considere columns give too large dimensions 
for the columns, structural steel columns enclosed by con- 
crete should be adopted. Allow 12000 pounds fibre stress on 
the steel section, and 300 pounds per square inch on the con- 
crete section. 

The Colimm Tables giye the load in 1000 pounds for 
columns reinforced by round bars. 

The milling of the ends of rods at the column connections 
is considered an expense wrongly applied. It is nearly im- 
possible to bring the rods to a square bearing, and in as much 
as the rods only safeguard the cubical compressive strength 
of the concrete, the gas pipe sleeves amply fulfill all require- 
ments for transmitting occasional tensile stresses. 

The connection of the columns with the footings is best 
done in the following manner: When concreting the footings, 
insert tapered cores about one inch larger in diameter than 
the size of the column rods and of a length to reach within 
4" to 6" of the bottom of the footing. Of course, the position 
and number of these cores must correspond with the column 
rods. The cores must be pulled out within six to twelve hours 
after concreting, and the holes temporarily closed by wooden 
stoppers to prevent dirt falling in. After the column rods are 
inserted fill in with grout of a mixture one part cement to 
one of sand. 
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EXPLANATIdN OF TABLES ON FLOOB OONSTEUOTION 
ON PAOES 44 TO 54. 

In order to readily estimate the cost of reinforced floor 
and girder construction, to compare the cost of floors of 
different spans and floor loads, and to relieve the busy en- 
gineer and architect of a great deal of mechanical work, 
these tables were figured for the spans most commonly used 
in construction work. The figures at the top mean the dis- 
tances of the columns center to center in feet; for example: 
12/16 means that the columns are spaced 12' in one direction 
and 16' feet in the other direction. Only in loft, factory or 
warehouse buildings is the choice of the arrangement or gir- 
ders and beams entirely free. In other buildings, it is often 
desired that the beams coincide with certain partitions, or 
that the floor construction offers a pleasing appearance, which 
latter effect is generally obtained by square panel construc- 
tions. It is obvious that the cost of the floor and beam con- 
struction will depend on the amount of concrete, steel and 
form lumber required, and the best basis of comparison is the 
average cost per square foot, and for this reason we give in 
the tables the average quantities of concrete, steel and form 
lumber per square foot, which includes girders, beams and 
floor slabs. In most of the cases the cheapest possible 
arrangement of beams and girders was adopted, although a 
change in the number of direction of beams may vary the 
cost only a few per cent. The fact that the actual amount 
of material required for a certain floor construction is less 
than that required in another does not always mean that 
this floor construction is actually the cheapest. If in this 
floor construction more beams are used than in another, it 
is to be considered that the unit labor for the form work is 
increased, also that of the steel labor and to a smaller extent 
that of the concrete labor. 

Figures 11-17 show that we only adopted seven different 
rpes of girder, beam and slab arrangements for the floor 
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constructions on pages 44-54. In these tables the first two 
lines give the serial number of the girder or beam of the 
beam tables; the third line gives the thickness of the floor 
slab; the fourth line, the weight of steel per square foot in 
the slab (except the weight of longitudinal rods in simple 
slabs), by which weights the proper reinforcement may be 
found from tables on pages 12 to 15; the fifth line gives the 
average amount of concrete in cubic feet per square foot of 
floor, including all girders, beams and slabs; the sixth line 
gives the average weight of steel of the floor construction; 
and the seventh line, the average amount of lumber required 
for the forms of girders, beams and slabs for the story heights 
noted at the head. 

The cost of a cubic foot of concrete in place varies from 
20 to 30c; the cost of a pound of steel in place from two to 
three cents; the cost of the forms from $40 to $50 per 1000 
feet B. M., acording to localities, with a very close average 
of the mean of these figures for most of the large cities of the 
United States, or 25c per cubic foot of concrete, 2^c per 
pound of steel, and $45 per 1000 feet B. M. for the forms. 
These figures, as a rule, do not include the contractors' profit 
or installation of plant, office expense, etc. 

For heavy loads, say 250 pounds per square foot and over, 
bays 14'xl4' are generally the cheapest. According to our 
tables the cost per square foot of a floor 14'xl4' and 250 
pounds per square foot total load = 0.58 X 25c +3.45x2 i^e + 
2.95X4.5=36.7c per square foot. For bays 16'xl6' the cost per 
square ft. would be 0.594 x25c+4.25x2y2C+3.13X4.5=40.4c; 
and for bays 18'xl8' and the same floor load the cost per 
square foot would be 0.702x25c+4.63X2i4c-l-3.14X4.5= 
43.4c. The cost of the columns and footings will be only very 
little diminished on account of the reduced number of 
columns; hence the difference of the above costs per square 
foot will very closely represent the actual difference. 

For light loads probably 16'xl6' is the most economical 
arrangement of bays, while 18'xl8' costs only very little more 
In the same manner we can compare all other spans and ^oo 
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loads. The dead load of the entire floor construction per 
square foot is found by multiplying the figures in the fifth 
line by 144. 

For a given span, 16'xl6' for example, the most economical 
arrangement of beams is not always the type mentioned at 
the head of the table. While Type A may be the cheapest 
for 200 pounds per square foot, Type C is somewhat cheaper 
for 500 pounds per square foot. 

At the head of each span is also given the number of sup- 
ports required for the form work in one panel, and the story 
heights for which these supports are safe; these are figured 
in the average amount of form lumber per square foot. 

In applying the average costs, taken from these tables, 
for the entire floor of a concrete skeleton building, it must 
be borne in mind that the spandril beams which carry the 
brick curtain walls are considerably more expensive than the 
beams in the floor construction; also that the beams at half 
the girt of the building are omitted, when figuring the 
average per square foot. The spandril beams are generally 
of two sizes, viz: 12i4"xl8" and 12i^"x24" and reinforced 
in both cases by about four 1" round bars, requiring per lineal 
foot 1.57 cubic feet of concrete, 15 pounds of steel, 11 feet 
of lumber and 2.1 cubic feet of concrete 15 pounds of steel 
and 13 feet of lumber, respectively. For checking purposes 
or for quick estimates, we obtain a fairly close figure for the 
floor construction of the building if we add to the product of 
floor area by the average cost of floor per square foot the 
cost of the spandril beams of a length = 0.7 of the girt of 
the building. We can do this for every story as well as for 
the roof, and obtain the cost of the flbor construction of the 
entire building. The cost of the columns can be found very 
closely by the consideration that the average cost of the 
columns is very close one cent per lineal foot for each thous- 
and pounds load. 

The following example shows how to obtain the cost of 
columns per square foot of an entire building very quickly: 

Let us assume the same building as on page 88. 
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In the third column are formed the sums of the story- 
heights from basement up to each particular floor; in the 
fourth column are noted the total floor loads from the floor 
above the line on which the figures are printed; in the fifth 
column are noted the products of the figures in third and 
fourth columns, and these figures added up give 40800, which 
represents the number of pounds — lineal feet in the columns 
per square foot of the building. Every thousand pound-feet 
costs one cent; hence 40.8c is the cost of the columns per 
square foot of the building. The cost of footings for a per- 
missible load of 5000 pounds per square foot on the ground 
is closely 10c for each thousand pounds. By adding the 
"Qgures in the fourth column, we find as the total of all floor 
loads per square feet of the building 1175 pounds, or the cost 
of the footings per square foot of the building 11.75 cents. 

In the cost of the columns, determined by this method, is 
not included the cost due to the weight of the curtain walls. 
This cost we obtain by substituting in the fourth column for 
the floor loads the weight of the walls in each story per lineal 
foot of girt. Then the product of the figures in the third 
and fourth columns added up gives us the number of pound- 
feet in the outside columns per lineal foot of girt. In as 
much as the outside columns are considerably larger than 
required for strength, it is better to figure the cost of 1000 
)K)und-fcct as l%c. 
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Where the outside walls are bearing walls, the cost of the 
columns and footings, obtained by the above-mentioned 
method, are to be decreased in the proportion of floor area 
which is carried by columns to the total floor area of the 
building. 

BEINFOBCED CONOBETE WALLS. 

Beinfored concrete walls should be used in buildings only 
for pertinent reasons, as, for example, to save floor space, or 
to take care of wind stresses or to guard against earthquakes. 
The walls are always more expensive than 12" brick curtain 
walls. They are rarely less than four inches, nor more than 
eight inches thick, and must be reinforced in horizontal 
direction by %%, and in vertical direction by % to %%. 
Openings should preferably have rounded corners, and the 
walls must be reinforced above the openings by at least 1%, 
and should have a reinforcement under 45% at all four 
corners, the same as above the openings. 

Reinforced concrete walls are not waterproof, and must 
be given a coat of R. T. W. paint or cement finish, to prevent 
the moisture penetrating. 

The forms cost, as a rule, more than the concrete and re* 
inforcement taken together. 
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BXPLAKATION OF TABLES ON OIBDEBLESS FLOOB 
CONSTEUCTION. 

The great cost of the form-labor and of the additional cost 
of plastering of beams, caused the designers to reduce the 
number of beams by using square panel construction, and a 
further step was the suppression of girders entirely, as shown 
in Figure 18. The floor in this case is generally supported 
by columns with flaired capitals, and, in case of end panels, 
partially by columns and partially by girders or walls. This 
construction is economical only when the panels are nearly 
square or when the ratio of the sides of the rectangles, en- 
closed by the columns, does not exceed 1.33. The problem 
of calculating the stresses in a plate supported at four points 
was first thoroughly investigated by the celebrated Prof. 
Grashof in connection with the strength of endplates in 
steam boilers, which are held in position by staybolts. He 
gives the greatest bending moment per lineal foot in such a 

plate =£L , which formula he derived more by an eliminating 

26.5 
process than by exact science. By similar reasoning, we lay 

down the following rule for the computation of girderless 

floor construction: We divide the panel in strips of a width 

of 0.35 1, when 1 is the distance c. c. support in feet; two 

strips run diagonally, while the others run in the line of the 

columns. The greatest bending moment per lineal foot of 

such a strip we assume = EL , when the size of the capital of 

the supporting column is at least 0.23 1. From this bending 
moment we easily obtain the required thickness and reinforc- 
ing from the slab tables on pages 16 to 20. When the panel 
is not exactly square we substitute for 1 the mean of the two 
sides of the rectangle. 

The rods should hang through in the form of a catenary 
reaching from the underside of the slab in the center to near 
the top of the slab at the supports. The rods running in the 
direction of the columns should extend into the adjoining 
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panel 0.121, while the diagonal rods should extend 0.161 be- 
yond the column center. 

Comparing the quantities required for this type of floor 
construction with those given in tables on pages 44-54, we 
find that the girderless floor constructions take less concrete 
and steel than where beams and girders are used. It takes 
also less lumber for the forms, the average for this type being 
only 2.90 feet of lumber per square foot, and in as much as 
the unit labor for steel and form work is considerably less 
than for the other types of construction, the girderless floor 
is certainly the cheapest of all reinforced floor constructions. 




Fig. 18. Showing Strips and Capitals of Columns in 
Girderless Floor. 



CONCRETE POCKET BOOK. 83 

DETAILED DESIGN AND COMPUTATION OF COST OF 
A BEINFOBCED CONCBETE SKELETON BUILDING. 

Let us assume a five-story and basement warehouse build- 
ing on a lot 67'x200'; and that only two rows of columns are 
desired in the building. The most economical bay distances 
for the columns will be 14'x22'. The schedule of page 84 
shows how we figure the interior columns. As total load per 
square foot for each floor we enter the full dead load and the 
full or a fraction of the live load, according to the require- 
ments of the particular building ordinance. In adding up the 
floor loads as shown in the fourth column, we can, by means 
of one setting of the slide-rule, very readily obtain the 
column loads in the various stories, as these total floor loads 
must be multiplied with the area of the panel carried by the 
column=14x 22=308 square feet. The size of the column, 
the reinforcement, the unit quantities of concrete and steel 
per lineal foot of column, we can directly take from pages 
36 to 43, while the form lumber can be taken from page 41. 
For each story it requires again only one setting of the slide- 
rule to find the concrete, steel and form lumber for each 
»tory, which are entered in the eleventh, twelfth and 
thirteenth columns. In the fourteenth column is entered the 
Weight of the gas pipe sleeves at each floor level. To the 
Weight of the reinforcement per lineal foot as taken from 
khe tables on pages 36 to 43, must be added the weight of 
the coil which ties the rods together, which weight=l/20 of 
the side of columns in inches. 

The length of the reinforcing rods for the basement 
eolumns must be taken about 18" greater than 10', on account 
of the extension into the footings. 

The totals of the eleventh, twelfth, thirteenth and four- 
teenth columns give us the quantities in one interior column 
!^r the entire height of the building. The outside columns 
have to carry one-half of the floor loads of the interior 
columns, which we entered in the third column. A portion o 
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the outer inch of concrete shall not be considered as carrying 
stress, and in this case take the column one size larger than 
found in the tables. 

The value of ties binding the column rods together is 
largely over-estimated. The ordinances generally specify the 
ties to be not farther apart than the least dimension of the 
column, without specifying the size of the ties or the kind 
of connections. We to-day know that the steel rods have 
only the task of keeping the strength of the concrete within 
the same value as that found in compression tests on cubes 
of 12" size, and that the failure of columns are produced by 
shearing of the concrete on 45°, which failure cannot be pre- 
vented by the ties ordinarily used. Ties are, however, neces- 
sary in order to hold the steel rods in place, and in some 
cases to guard against shear, especially in excentrically 
loaded columns. 

The writer finds it cheaper to use coils instead of loose ties, 
which coils consist of No. 3 soft annealed wire, and have a 
pitch of 12". They are made by winding the wire on a 
collapsible core. The weight in pounds per foot of these coila 
is found by dividing the side of the coil in inches by 20. 
Where columns connect with smaller columns on top it is the 
writer's practice to slope the rods uniformly from the bot- 
tom to the top where the difference in size is not very con- 
siderable, say not more than eight inches. In this case, the 
coils must reduce in diameter towards the top, which is done 
on a tapered core. 

The column rods should be connected at each floor level, 
either by over-lapping of the rods or by means of gas pipe 
sleeves, as given in the tables. The space between the steel 
rods and the pipes should be carefully grouted with cement and 
sand in proportion of one to two. Where the size of the columns 
as given in pages 36 to 41 is too large, Considere columns 
or hooped columns, as given on pages 42, 43, may be used. 
Considere demonstrated that hooping increases the strength 
of the concrete 20%, and that the value of the reinforcing by 
coils or hoops is 2.4 times the value of the reinforcing by 
longitudinal rods, provided that the pitch of the helix of the 
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coils or the distance of the hoops does not exceed 1/7 of the 
diameter of the coils. Assuming 1:3 concrete, we are justified 
to allow 720 pounds per square inch in compression on the 
concrete, 10800 pounds per square inch on the longitudinal 
reinforcement, and 25420 pounds per square inch on the ideal 
longitudinal reinforcement which has the same weight as the 
coils adopted. 

Where even Considere columns give too large dimensions 
for the columns, structural steel columns enclosed by con- 
crete should be adopted. Allow 12000 pounds fibre stress on 
the steel section, and 300 pounds per square inch on the con- 
crete section. 

The Column Tables give the load in 1000 pounds for 
columns reinforced by round bars. 

The milling of the ends of rods at the column connections 
is considered an expense wrongly applied. It is nearly im- 
possible to bring the rods to a square bearing, and in as much 
as the rods only safeguard the cubical compressive strength 
of the concrete, the gas pipe sleeves amply fulfill all require- 
ments for transmitting occasional tensile stresses. 

The connection of the columns with the footings is best 
done in the following manner: When concreting the footings, 
insert tapered cores about one inch larger in diameter than 
the size of the column rods and of a length to reach within 
4" to 6" of the bottom of the footing. Of course, the position 
and number of these cores must correspond with the column 
rods. The cores must be pulled out within six to twelve hours 
after concreting, and the holes temporarily closed by wooden 
stoppers to prevent dirt falling in. After the column rods are 
inserted fill in with grout of a mixture one part cement to 
one of sand« 
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EXPLANATION OF TABLES ON FLOOB OONSTEUOTION 
ON PAGES 44 TO 54. 

In order to readily estimate the cost of reinforced floor 
and girder construction, to compare the cost of floors of 
different spans and floor loads, and to relieve the busy en- 
gineer and architect of a great deal of mechanical work, 
these tables were figured for the spans most commonly used 
in construction work. The figures at the top mean the dis- 
tances of the columns center to center in feet; for example: 
12/16 means that the columns are spaced 12' in one direction 
and 16' feet in the other direction. Only in loft, factory or 
warehouse buildings is the choice of the arrangement or gir- 
ders and beams entirely free. In other buildings, it is often 
desired that the beams coincide with certain partitions, or 
that the floor construction offers a pleasing appearance, which 
latter effect is generally obtained by square panel construc- 
tions. It is obvious that the cost of the floor and beam con- 
struction will depend on the amount of concrete, steel and 
form lumber required, and the best basis of comparison is the 
average cost per square foot, and for this reason we give in 
the tables the average quantities of concrete, steel and form 
lumber per square foot, which includes girders, beams and 
floor slabs. In most of the cases the cheapest possible 
arrangement of beams and girders was adopted, although a 
change in the number of direction of beams may vary the 
cost only a few per cent. The fact that the actual amount 
of material required for a certain floor construction is less 
than that required in another does not always mean that 
this floor construction is actually the cheapest. If in this 
floor construction more beams are used than in another, it 
is to be considered that the unit labor for the form work is 
increased, also that of the steel labor and to a smaller extent 
that of the concrete labor. 

Figures 11-17 show that we only adopted seven different 
ypes of girder, beam and slab arrangements for the floor 
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constructions on pages 44-54. In these tables the first two 
lines give the serial number of the girder or beam of the 
beam tables; the third line gives the thickness of the floor 
slab; the fourth line, the weight of steel per square foot in 
the slab (except the weight of longitudinal rods in simple 
slabs), by which weights the proper reinforcement may be 
found from tables on pages 12 to 15; the fifth line gives the 
average amount of concrete in cubic feet per square foot of 
floor, including all girders, beams and slabs; the sixth line 
gives the average weight of steel of the floor construction; 
and the seventh line, the average amount of lumber required 
for the forms of girders, beams and slabs for the story heights 
noted at the head. 

The cost of a cubic foot of concrete in place varies from 
20 to 30c; the cost of a pound of steel in place from two to 
three cents; the cost of the forms from $40 to $50 per 1000 
feet B. M., acording to localities, with a very close average 
of the mean of these figures for most of the large cities of the 
United States, or 25c per cubic foot of concrete, 2%c per 
pound of steel, and $45 per 1000 feet B. M. for the forms. 
These figures, as a rule, do not include the contractors' profit 
or installation of plant, office expense, etc. 

For heavy loads, say 250 pounds per square foot and over, 
bays 14'xl4' are generally the cheapest. According to our 
tables the cost per square foot of a floor 14'xl4' and 250 
pounds per square foot total load = 0.58 X 25c +3.45x2 i/^c -f 
2.95X4.5=36.7c per square foot. For bays 16'xl6' the cost per 
square ft. would be 0.594x25c+4.25x2V2C+3.13x4.5=40.4c; 
and for bays 18'xl8' and the same floor load the cost per 
square foot would be 0.702x25c+4.63x2V2C+3.14x4.5= 
43.4c. The cost of the columns and footings will be only very 
little diminished on account of the reduced number of 
columns; hence the difference of the above costs per square 
foot will very closely represent the actual difference. 

For light loads probably 16'xl6' is the most economical 
arrangement of bays, while 18'xl8' costs only very little more. 
In the same manner we can compare all other spans and floo 
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loads. The dead load of the entire floor construction per 
square foot is found by multiplying the figures in the fifth 
line by 144. 

For a given span, 16'xl6' for example, the most economical 
arrangement of beams is not always the type mentioned at 
the head of the table. While fype A may be the cheapest 
for 200 pounds per square foot, Type C is somewhat cheaper 
for 500 pounds per square foot. 

At the head of each span is also g^ven the number of sup- 
ports required for the form work in one panel, and the story 
heights for which these supports are safe; these are figured 
In the average amount of form lumber per square foot. 

In applying the average costs, taken from these tables, 
for the entire floor of a concrete skeleton building, it must 
be borne in mind that the spandril beams which carry the 
brick curtain walls are considerably more expensive than the 
beams in the floor construction; also that the beams at half 
the girt of the building are omitted, when figuring the 
average per square foot. The spandril beams are generally 
of two sizes, viz: 12i4"xl8" and 12^"x24" and reinforced 
in both cases by about four 1" round bars, requiring per lineal 
foot 1.57 cubic feet of concrete, 15 pounds of steel, 11 feet 
of lumber and 2.1 cubic feet of concrete 15 pounds of steel 
and 13 feet of lumber, respectively. For checking purposes^ 
or for quick estimates, we obtain a fairly close figure for the 
floor construction of the building if we add to the product of 
floor area by the average cost of floor per square foot the 
cost of the spandril beams of a length = 0.7 of the girt of 
the building. We can do this for every story as well as for 
the roof, and obtain the cost of the floor construction of the 
entire building. The cost of the columns can be found very 
closely by the consideration that the average cost of the 
columns is very close one cent per lineal foot for each thous- 
and pounds load. 

The following example shows how to obtain the cost of 
'olumns per square foot of an entire building very quickly: 

Let us assume the same building as on page 88. 
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In the third column are formed the sums of the story 
heights from basement up to each particular floor; in the 
fourth column are noted the total floor loads from the floor 
above the line on which the figures are printed; in the fifth 
column are noted the products of the figures in third and 
fourth columns, and these figures added up give 40800, which 
represents the number of pounds — lineal feet in the columns 
per square foot of the building. Every thousand pound-feet 
costs one cent; hence 40.8c is the cost of the columns per 
square foot of the building. The cost of footings for a per- 
missible load of 5000 pounds per square foot on the ground 
is closely 10c for each thousand pounds. By adding the 
^gures in the fourth column, we find as the total of all floor 
loads per square feet of the building 1175 pounds, or the cost 
of the footings per square foot of the building 11.75 cents. 

In the cost of the columns, determined by this method, is 
not included the cost due to the weight of the curtain walls. 
This cost we obtain by substituting in the fourth column for 
the floor loads the weight of tte walls in each story per lineal 
foot of girt. Then the product of the figures in the third 
and fourth columns added up gives us the number of pound- 
feet in the outside columns per lineal foot of girt. In as 
much as the outside columns are considerably larger than 
required for strength, it is better to figure the cost of 1000 
pound-feet as l%c. 
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Where the outside walls are bearing walls, the cost of the 
columns and footings, obtained by the above-mentioned 
method, are to be decreased in the proportion of floor area 
which is carried by columns to the total floor area of the 
building. 

BEINFOBOED CONGBETE WALLa 

Beinfored concrete walls should be used in buildings only 
for pertinent reasons, as, for example, to save floor space, or 
to take care of wind stresses or to guard against earthquakes. 
The walls are always more expensive than 12" brick curtain 
walls. They are rarely less than four inches, nor more than 
eight inches thick, and must be reinforced in horizontal 
direction by %%, and in vertical direction by % to '^%. 
Openings should preferably have rounded corners, and the 
walls must be reinforced above the openings by at least 1%, 
and should have a reinforcement under 45% at all four 
corners, the same as above the openings. 

Reinforced concrete walls are not waterproof, and must 
be given a coat of R. T. W. paint or cement finish, to prevent 
the moisture penetrating. 

The forms cost, as a rule, more than the concrete and re- 
inforcement taken together. 
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EXPLANATION OF TABLES ON GIBDEBLESS FLOOB 
CONSTBUOTION. 

The great cost of the form-labor and of the additional cost 
of plastering of beams, caused the designers to reduce the 
number of beams by using square panel construction, and a 
further step was the suppression of girders entirely, as shown 
in Figure 18. The floor in this ease is generally supported 
by columns with flaired capitals, and, in case of end panels, 
partially by columns and partially by girders or walls. This 
construction is economical only when the panels are nearly 
square or when the ratio of the sides of the rectangles, en- 
closed by the columns, does not exceed 1.33. The problem 
of calculating the stresses in a plate supported at four points 
was first thoroughly investigated by the celebrated Prof. 
Grashof in connection with the strength of endplates in 
steam boilers, which are held in position by staybolts. He 
gives the greatest bending moment per lineal foot in such a 

plate =£i- , which formula he derived more by an eliminating 

26.5 
process than by exact science. By similar reasoning, we lay 

down the following rule for the computation of girderless 

floor construction: We divide the panel in strips of a width 

of 0.35 1, when 1 is the distance c. c. support in feet; two 

strips run diagonally, while the others run in the line of the 

columns. The greatest bending moment per lineal foot of 

such a strip we assume = EL. , when the size of the capital of 

the supporting column is at least 0.23 1. From this bending 
moment we easily obtain the required thickness and reinforc- 
ing from the slab tables on pages 16 to 20. When the panel 
is not exactly square we substitute for 1 the mean of the two 
sides of the rectangle. 

The rods should hang through in the form of a catenary 
reaching from the underside of the slab in the center to near 
the top of the slab at the supports. The rods running in th' 
direction of the columns should extend into the adjoinin 
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panel 0.121, while the diagonal rods should extend 0.161 be- 
yond the column center. 

Comparing the quantities required for this type of floor 
construction with those given in tables on pages 44-54, we 
find that the girderless floor constructions take less concrete 
and steel than where beams and girders are used. It takes 
also less lumber for the forms, the average for this type being 
only 2.90 feet of lumber per square foot, and in as much as 
the unit labor for steel and form work is considerably less 
than for the other types of construction, the girderless floor 
is certainly the cheapest of all reinforced floor constructions. 




Fig. 18. Showing Strips and Capitals of Columns in 
Girderless Floor. 
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DETAILED DESIGN AND COMPUTATION OF COST OF 
A BEINFOBCED CONCBETE SKELETON BXnLDING. 

Let US assume a five-story and basement warehouse build- 
ing on a lot 67'x200'; and that only two rows of columns are 
desired in the building. The most economical bay distances 
for the columns will be 14'x22'. The schedule of page 84 
shows how we figure the interior columns. As total load per 
square foot for each floor we enter the full dead load and the 
full or a fraction of the live load, according to the require- 
ments of the particular building ordinance. In adding up the 
floor loads as shown in the fourth column, we can, by means 
of one setting of the slide-rule, very readily obtain the 
column loads in the various stories, as these total floor loads 
must be multiplied with the area of the panel carried by the 
1 eolumn=14X 22=308 square feet. The size of the column, 
the reinforcement, the unit quantities of concrete and steel 
per lineal foot of column, we can directly take from pages 
36 to 43, while the form lumber can be taken from page 41. 
For each story it requires again only one setting of the slide- 
rule to find the concrete, steel and form lumber for each 
Sitory, which are entered in the eleventh, twelfth and 
thirteenth columns. In the fourteenth column is entered the 
freight of the gas pipe sleeves at each floor level. To the 
fweight of the reinforcement per lineal foot as taken from 
the tables on pages 36 to 43, must be added the weight of 
khe coil which ties the rods together, which weight =1/20 of 
the side of columns in inches. 

The length of the reinforcing rods for the basement 
columns must be taken about 18" greater than 10', on account 
of the extension into the footings. 

The totals of the eleventh, twelfth, thirteenth and four- 
teenth columns give us the quantities in one interior column 
i'or the entire height of the building. The outside columns 
have to carry one-half of the floor loads of the interior 
columns, which we entered in the third column. A portion of 
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QUANTITIES IN TYPICAL CONCBETE BUILDINa. 





MIT MANTITIES 


T8TAL IMNTITIB 




CaMrata 
6b.a 


Steal 
Lbs. 


Fan 
Lartar 
Ft IN. 


Caa- 
erato 

Cabte 
Faat 
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Paantfs 


Far* 

LaaAar 

Faat 
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a Mirlir ntaMS. 

M Nitiigs, r-l'' man , 


153.1 
110.0 
205.7 
198.7 
90 
8.64 
3.16 
3.16 
2.277 
1.93 
1.76 

1.60 
1.24 
1.76 

1.60 
1.24 

6.0 


1929 
230 
1677 
1537 
200 
122.4 
42.8 
53.9 
9.97 
24. 
22. 

22.' 
10.8 
10.8 

10.8 
10.8 

20.0 


871 

34 
1010 
1000 

32 

19.92* 
13 
13 

11 
10 
13 

11 
10 

44 


3980 

3740 

6340 
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7300 

1264 
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30600 
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11,271.00 


371311 Faat af lartar @ 4.8 eaits 


16,064.00 






Tatal cast afstractai 


al varfc 






$42,648.60 













The cubical contents of the building from basement to 
roof=13400X 72=946,800 cubic feet. 

• This item is taken from the tables of typical floor con- 
struction on page 46. 
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the outside columns have to carry the wall loads for a length 
of 14', while others have to carry wall loads for a length of 
22'. These wall loads for each story were figured and the 
total loads up to each particular story were entered into the 
next two columns. These loads we have to add to the floor 
loads given in the third column, and the results are entered 
in the next two columns. The sizes of the columns and the 
other data can again be 'found in the pages 36 to 43, but it 
must be considered that it is desirable to have the width of 
the columns above the first floor uniform, and that the depth 
of the columns cannot be less than 12^^", which is the thick- 
ness of the brick walls. We shall make both kinds of 
columns alike above the second floor, but below the second 
floor we shall adopt for basement and first floor, for the 
smaller bay, a column 23"x23^^", reinforced by six IV2" 
and six 1" round bars, respectively, which will decrease the 
total quantities given for the larger bay to 198.7 cubic feet 
of concrete, 1537 pounds of steel including sleeves, and 1000 
feet of lumber. 

From page 34 we find that the footings for all interior 
columns and the outside columns of 22' bays must be 8' 6" 
square for a permissible load of 5000 pounds per square foot 
on the ground, and that each footing contains 110 cubic feet 
of concrete and 230 pounds of steel; while the outside columns 
of the 14' bays may have 8' footings, containing 90 cubic feet 
of concrete and 200 pounds of steel. 

In figuring the floor construction we shall assume somewhat 
higher floor loads than for the columns. On page 85 is shown 
the schedule for the girder and beam calculation. We shall 
adopt Type A with slabs, supported on four sides. As span 
of the girders we assume 20.5' and 21', respectively, while for 
the beams between columns we assume 12.5 and 13', and for 
the beams, carried by girders, we assume the span=14'. 

After having found the bending moments, all the data in 
the next five columns can be found in the beam table oil 
pages 6 to 8. To facilitate the form work, all girders from 
^rst to fifth floor are of the same width, and on account of 

(^proofing no beam was made of a width less than 7V1>". 
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In figuring the shear for the girders it is to be considered 
that the load carried by the girders is only % of the entire 
panel load on account of the square slabs, and in figuring 
the shear of the beams it must be considered that each slab 
transmits only % of the load to each beam. After having 
found the shear and substracted from it the shear given in 
the beam tables, the spacing of the stirrups is found by the 
help of the table on page 62. 

The spandril beams of 22' span have to support i/l> of the 
floor loads of the girders, and in figuring the bending moment 

from the wall loads we can use the formula Hi_. For the 

12 
first story the wall load =1750 pounds per lineal foot; for 

the second to fourth story, 1500 pounds; and for the roof, 

only 375 pounds per foot from the parapet wall. These 

bending moments were added on page 85 to the bending 

moments from the floor loads, and in determining the beams 

we have to make some allowance for the fact that the flange 

of the Tee exists only on one side of the spandril beams, and 

therefore somewhat larger beams should be adopted than 

corresponding to the bending moments in the schedule. 

The lintels in the 14' bays have very little to carry, and we 
shall make them the same size as, those in the 22' bays, but 
reinforced only by four %" round bars. The slabs are figured 
on page 86. 

On page 114 we find that for the reinforced concrete base- 
ment walls we can adopt a 6" wall reinforced by 0.28 square 
inches per lineal foot in vertical direction, and by 0.18 square 
inches per Ifneal foot as longitudinal reinforcement, or a total 
reinforcement of 1.8 pounds per square foot. Including foot- 
ing, one foot wide, we shall assume the quantities per lineal 
foot of retaining wall with 6 cubic feet on concrete, 20 pounds 
of steel, and 44 feet of form lumber. 

On page 87 is shown the schedule of quantities for the entire 
building, and figuring the cost of the concrete at 25c per 
cubic foot, the cost of the steel at 2i/>c per pound, and the 
cost of the forms at $40 per M feet B. M., we obtain the cost 
of the rough structural work in the building at $42,548.50. 
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To this is to be added the cost of the brick walls, which *in 
this case will be in the neighborhood of $8,500, and the cost 
of the basement floor, which does not vary much from 12c 
per square foot. If the floors are to be cement finished, we 
have to substitute for a thickness of "W rough concrete a 
finishing coat, which generally takes more than the average 
of %"; it will be near enough to add to the figures on page 
87 4c for each square foot of finished floor. If a wooden 
floor is specified, sleepers are to be imbedded on top of the 
rough floor and held down by a cinder concrete filling, 
generally l^^" thick. The cinder concrete is generally mixed 
in the proportion 1:9 and averages l^c per square foot. 

Adding the cost of the brick walls ($8,500), of the base- 
ment floor ($1,570), of the cement finish on all floors ($2,600), 
of the stairs (about $750), and $6000 for contractors' profit, 
machinery, tools, etc., we obtain as grand total for the rough 
building in round figures $62,000, or 6.5 cts per cubic foot of 
contents. 
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EXPLANATION OF TABLES ON FOBM WOBK. 

Next to the proper design of the structural part the proper 
design of the form work is the most important part of re- 
inforced concrete construction. The cost of the forms amounts 
in an average to 33% of the cost of the entire work under 
good management, and often reaches 60% under inexperienced 
management. It is a fact that it takes more lumber to build 
a reinforced concrete building than an ordinary mill construc- 
tion building and that the unit labor per 1000 feet., B. M., is 
more than twice as high, yet, it is surprising to see in how few 
instances the form work is designed by competent persons, and 
practically any foreman, who declares himself competent, is 
given charge of the design of fully 33% of the work in the 
building. This, in connection with the fact that almost any 
contractor, who has the courage to bid on a reinforced concrete 
structure, is awarded the contract for its execution, as long 
as he is the low bidder, should cause the designing engineer or 
architect to design also the form work. 

The forms must be designed not only for strength but also 
for stiffness. Girders and beams look very unsightly if they 
have a sag or show bulging of the forms, or the loss of concrete 
by the deflection of thg form work in floors and walls may be 
quite considerable. 

The forms are only temporary structures; therefore, we may 
allow a stress of 1800 pounds per square inch in bending and 
may use a factor of safety of three for the supports. 

The tables on pages 92-94 give the safe loads on boards and 
planks of various thickness and 12" wide, of joists of various 
depths, while on page 95 will be found the safe load on 
supports. 

Applying these tables for the design of the forms for floor 
slabs, we can readily see that %" flooring is amply strong for 
all ordinary floor loads, as a %" board, 12" wide, will support, 
on a span of 2 feet, a load of 1375 pounds with a deflection c 
about 1/20". This load can only be produced by the larj 
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SAFE LOADS AND DEFLECTIONS OF JOISTS 



JtMs 1-|- TIM 
hmfeiMm 


SPM 


I'-e"! I'-s"! 2' 


2-3" 


2-6" 


2'-9" 


3' 


3-i- 


2670 

.0225 
.009 


2280 

.031 
.0124 


2000 

.04 
.016 


1780 

.051 
.020 


1600 

.063 
.025 


1460 

.076 
.030 


1330 
.09 
.036 




3-6" 


4' 


A'S" 


5' 


5-6" 


6' 


e'-e" 


H- 


2800 

.080 
.032 


2460 

.104 
.042 


2170 

.132 
.053 


I960 

.163 
.065 


1780 

.196 
.080 


1630 
.234 
.094 


1500 

.273 
.110 


7^ 


5200 

.059 
.023 


4650 
.077 
.031 


4070 

.097 
.039 


3660 

.120 

.048 


3330 

.146 

.058 


3050 

.174 
.070 


2800 
.202 

.081 


94- 


8300 

.046 
.018 


7300 

.061 
.025 


6480 

.077 
.031 


6800 

.095 
.038 


6300 

.115 
.046 


4850 

.137 
.055 


4480 

.161 
.065 




6' 


6'-6' 


7' 


T'-e" 


8' 


8'-6" 


~9'~ 


ll-f 


7200 
.113 
.046 


6630 

.132 
.053 


6140 

.154 
.062 


5730 

.176 
.071 


6390 

.202 
.081 


5050 

.226 

.091 


4790 
.255 
.102 


13^ 


9800 

.096 
.039 


9100 
.112 
.045 


8460 

.130 
.052 


7860 

.149 
.060 


7360 

.170 
.068 


6950 

.191 
.077 


6550 

.215 
.086 



The black figures denote the safe load at 1800 pounds stress, 
supported. The figures in the third line are deflections for 
For %" joists multiply above safe loads by 0.54. 

For the full sections 

Multiply the loads, of the corresponding short sizes by 

Multiply the deflections by 

For continuously supported joists multiply the loads by l.o 
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SUPPORTED BY TWO OR THREE SUPPORTS. 



M Fin 



3-6' 


4' 


4'-6" 


5' 


5'-6'' 


6' 


6-6" 


T 


8' 


1140 


1000 


890 


800 


725 


670 


615 


570 


500 


.1225 


.1(50 


.20 


.25 


.30 


.36 


.42 


.49 


.(U 


.049 


.OU 


.08 


.10 


.12 


.144 


.108 


.19() 


.254 



7' 


7-6" 


8' 


8'-6"| 


9' 


10' 


11' 


12' 


13' 


1400 


1300 


1220 


1150 


1080 


980 


900 






.320 


.305 


.415 


.470 


.525 


.650 


.790 






.130 


.140 


.1(^ 


.190 


.210 


.260 


.320 






2620 


2430 


2260 


2160 


2030 


1830 


1660 


1520 


1400 


.235 


.270 


.310 


.345 


.390 


.480 


.580 


.690 


.810 


.(H)4 


.108 


.124 


.138 


.156 


.192 


.232 


.270 


.324 


4160 


3880 


3630 


3430 


3230 


2920 


2650 


2420 


2260 


.187 


.215 


.244 


.275 


.310 


.380 


.400 


.550 


.045 


.075 


.080 


.098 


.110 


.124 


.152 


.184 


.220 


.2()0 



9-6" 


10' 


10'-6' 


11' 


ll'-«" 


12' 


13' 


14' 


15' 


4540 

.283 
.114 


4300 

.313 
.120 


4070 

.346 
.137 


3920 

.380 
.152 


3730 
.415 
.167 


3580 

.450 
.181 


3320 

.213 


3070 

.615 
.2M\ 


2870 

.705 
.282 


C200 

.240 
.0<H5 


5900 

.267 
.107 


5620 

.2^)5 
.118 


5360 
.323 
.129 


5140 
.353 
.142 


4920 
.383 
.1.54 


4550 
.450 
.180 


4200 
.520 

.209 


3950 

.600 
.240 



The figures below the black denote the deflections, if freely 

three supports. 
For 1%" joists multiply above safe loads by 0.85. 
2"x4" 2"x6" 2"x8" 2"xl0" 2"xl2" 

1.61 1.46 1.40 1.37 1.34 

0.87 0.92 0.94 0.95 0.96 

and the deflections by .0.75. •- 



2"xl4" 
1.32 
0.97 
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SAFE LOADS AND DEFLECTIONS FOR GIBDEBS 
CABRYING JOISTS. 



SPMIN FEET 


•Tisar 


5' 


5-6' 


6' 


6'-6" 


7' 


7'-6 


' 8' 


9' 


10' 


2-rX5i 


" 3400 


3100 


2800 


2600 


2400 




.064 


.078 


.092 


.108 


.1250 


TkflMacttoasaralarsaal. 


rx6' 


4300 


3800 


3500 


3250 


3000 


caMtaaaisiMafs. 


.060 
' 6200 


.072 
5600 


.086 
5200 


.100 
4800 


.117 
4400 




2^X7-|- 


4100 


3900 


3450 


3100 


.047 


.057 


.067 


.079 


.092 


.105| .120 


.152 


.188 


rx8' 


7600 


7000 


6400 


6900 


6400 


5100 


4800 


4300 


3900 


.045 


.054 


.065 


.075 


.088 


.101 


.115 


.146 


.180 


SAFE UMS IN SimiTS 


tasHPNM 
IMlHiilflttti 
iMdwiMif 


Sail iMi PIT S4 

iidi If ems 


SvHfts 


•asappartaiLaaftk 


flWirtiilKkK 


sictiii pmis 






2.0 
2.1 


720 




9' 


10' 


11' 


12' 


13' 


14' 


654 
















2.2 


600 


3rx3r 


6.1 


5.0 


4.1 


3.3 


3.0 


2.60 


2.3 


548 


4"x4" 


9.2 


7.4 


6.1 


6.2 


4.4 


3.8 


2.4 
2.5 


500 
460 
427 


















16' 


17' 


18' 


19' 


20' 


21' 


2.6 














2 7 


398 


5rx5f'' 
6"x()" 


10.7 


9.6 


8.4 


7.6 


6.9 


6.3 


2.8 


367 


15.0 


13.0 


11.6 


10.2 


9.3 


8.5 


2.9 
3.0 


345 
32.1 
300 
282 
26,5 
250 


1 

5i"x5i" 

(rx(r 


22' 


23' 


24' 


26' 


27' 


28' 


3.1 
3.2 
3.3 


5.7 
7.8 


5.4 
8.1 


4.8 
S.50 


3.7 
5.6 


3.8 
6.1 


3.6 
4.8 


3.4 




3.5 


237 




3.8 


200 




4.0 


180 


TkiklaekfiprisdiiititltpiralssiMilMiiiimpaiids. Winff 


4.2 


164 


astntiskrani at uH b8iftt.taki as lasappartii tenth 1 af tli 


4.4 


148 


biifkLWhtriastnrtisbraeiiattkitwa palatsiiftkthakttaNrt 


4.6 


137 


taka as iisippartai laailh i af tit tatal kaiikt 


4.8 


125 




6.0 


117 
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MENSCH, THE REINFORCED 



DATA ON BEAM FOBMS. 





NmiImI Sim If iHikir \M 


FMt 

Hari 
Manri 

UmiI 

FHt 




SiNlf IMM 


SISUI 


ImSMi 
SB 




4 X 7i 


2x4 

lix 4 


2x8 
lix8 


4.00 
3.33 




ohx 8J 
() X 9i 


2x6 
Ux 


2x10 
UxlO 


6.00 
3.92 




7ix8} 
8 X 9i 


2x8 
Ux 8 


2x10 

Hxio 


5.34 
4.17 




5ixl0} 
Oxlli 


2x0 
lix 6 


2x12 
lixl2 


B.67 
4.42 




7ixlOi 
8 xlli 


2x8 
lix 8 


2x12 
lixl2 


6.00 
4.67 




9ixlOJ 
10 xlli 


2 xlO 
lixlO 


2x12 
lixl2 


6.34 
4.92 




7ixl2i 
8 xKH 


2x8 
lix 8 


2x14 
lixl4 


6.67 
B.I7 




9ixl2i 
10 xl3i 


2 xlO 
lixlO 


2x14 
lixl4 


7.00 
6.42 




7ixl4i 
8 xloi 


2x8 
lix 8 


2-2x8 
2-lix8 


7.67 
6.00 




^xUi 
10 xl5i 


2 XlO 
lixlO 


2-2x8 

2-lix8 


8.00 
6.26 




llixUi 
V2 xl5i 


2 xl2 
2x12 


2-2x8 
2-lix8 


8.33 
7.00 




7ixl6J 
8 x]7i 


2x8 
lix 8 


1-2x8,1-2x10 
l-lix8,l-lixl0 


8.33 
6.60 




9ixl6i 
_ 10 xl7i 


2x10 
lixlO 


1-2x8,1-2x10 
l-lix8,l-lixl0 


8.67 
6.76 





Where the length of the forms is not in even feet, we shall 
have a certain waste in cutting the commercial lengths of 
lumber, which waste may reach from 10 to 20% of the values 
given in the table. A girder or beam form has rarely to 
carry more than 600 to 800 pounds per lineal foot, and bv 
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DATA ON BEAM FORMS. 





NmiImI Sim If Lirtir Hti 


FNt 




Sllltf IMM 


MIM 
SISUI 


ImSMi 

as 


Inri 

MMsm 

ptr 

UniI 

FNt 


StMnirs 


lHxl6i 
12 xl7i 


2x12 
2 xl2 


1-2x8,1-2x10 
1-14x8, 1-HxlO 


9.00 
7.60 




9ixl8i 
10 xlOi 


2 xlO 
14x10 


2-2x10 
2-14x10 


9.33 
7.2B 




llixlSi 
12 xl9i 


2 xl2 

2 xl2 


2-2x10 
2-14x10 


9.67 
8.00 




9ix20i 
10 x2H 


2 xlO 
UxlO 


1-2x10,1-2x12 
1-14x10,1-14x12 


10.00 
7.7B 




Il4x20i 
12 x21i 


2 xl2 
2 xl2 


1-2x10,1-2x12 
1-HxlO, 1-14x12 


10.33 
8.60 




llix22i 
12 x23i 


2 xl2 
2 xl2 


2-2x12 
2-14x12 


11.00 
9.00 




llix26 
134x26 


2lcl2 
2 xl4 


2-1x10,1-1x8 
2-1x10,1-1x8 


8.72 
8.92 


2^x4''-3'lg 
4'0"c.c. 


lHx28 
134x28 


2 xl2 
2 xl4 


3-1x10 
3-1x10 


8.92 
9.26 


n 


114x30 
134x30 


2 xl2 
2 xl4 


4-1x8 
4-1x8 


9.73 
10.07 


2^x4"-3'-9^1g 
3'-6"c.c. 


134x36 
134x42 
15 x42 


2 xl4 
2 xl4 
2-2x8 


4-1x10 
4-1x10,1-1x6 
4-1x10,1-1x6 


11.83 
12.86 
13.36 


2^x4''-4'lg 

3'-3"c.c. 

2"x4''-4'-61g 


15 x48 
17 x48 


2-2x8 
1-2x10 
1-2x8 


4-1x10,2-1x6 
4-1x10,2-1x6 


14.63 
14.87 


2^x4''-5'lg 
3'-0^c.c. 


15x52 
17x52 


2-2x8 
1-2x8 
1-2x10 


4-1x10,2-1x8 
4-1x10,2-1x8 


16.46 
16.78 


2^x4''-5'-6'ag 
3'-<rc.c. 



inspecting the tables on pages 92 and 93, it will be found 
that the side boards can carry this load on six feet and more 
with deflections less than 1/10"; therefore, it is not necessary 
to place supports nearer than 5' on centers under the girder 
forms. 
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AKRANGEMENT OF FORMS FOB TYPICAL FLOOR 
CONSTRUCTIONS. 





Msts 


fiMm 


Nwftw 


J 




Jtists 


6iNws 


NMNr 


I 


Sparkc 


WMft 


WMft 


•f 


SPKI« 


WMft 


WIM 


•1 


•1 


Md 


Md 


4"i4" 


i 


•f 


Md 


mi 


rii" 


1 


lais 


Hmk 


NUft 


imrs 


Hfs 


Nplft 


•ipth 


Si»rs 


I2'xl2' 


2^x6" 


s-'xe" 


4 


1 


I8'xl8' 


2^x6" 


4"x8''+ 


5+ 


2 


12x14 


2x6t 


3x6 


4 


1 


18x20 


2x6 




10+ 


18 


12x16 


2x6t 


3x8 


4 


1 


18x22 


2x6 




10+ 


18 


12x18 


2x8 




4 


3 


18x24 


2x6 




10+ 


18 


12x20 


2x4+ 


3x6 


7 


4 


18x26 


2x6 


3x8 


12+ 


8 


12x24 


2x6 


3x6 


7 


4 


18x28 


2x6 


3x8 


12+ 


8 


14x14 
14x16 
14x18 
14x20 


2x6t 

2x6+ 

2x6+ 

2x6 

2x6 

2x6+ 

2x6 

2x6 

2x6 

2x6 

2x6 

2x6 


3x6 

3x8 

3x6 
3x6 
3x8 
3x8 
3x8 
3x8 
3x8 
3x8 


4 

41 
6 
61 

r 

7' 
9- 
9- 

lo- 
ll 

11- 
161 


\ 

■# 

■* 
•# 
■# 


1 
1 
9 
9 
4 
4 
5 
5 
6 
11 
11 

21 


18x30 
18x36 
18x40 
18x60 


2x4 
2x6 
2x6 
2x6 


3x6+ 
3x6 
3x6+ 
3x6+ 


19+» 
19+* 
19+* 
26+* 


13 
13 
13 

18 


14x22 
14x24 
14x26 
14x28 
14x30 
14x36 
14x40 
14x60 


20x20 
20x22 
20x24 
20x26 
30x28 
20x30 
20x40 
20x60 


2x6 
2x6 
2x6 
2x6t 

2x8 
2x8+ 
2x8 
2x8 




io+* 

10+* 
10+* 
10+* 
13+* 
13+* 
19+* 
23+* 


18 
18 
18 
19 
19 
17 
21 
18 




2x6+ 


3x8t 


4t 


1 




16X16 












16X18 


2x8 




6 


9 


22x22 


2x6+ 




10+* 


18 


16x20 


2x8 




6t 


9 


22x24 


2x6+ 




10+* 


19 


16x22 


2x8 




6t 


9 


22x26 


2x8 




13+* 


19 


16x24 


2x8 




8t 


10 


22x28 


2x8+ 




13+* 


20 


16x26 
16x28 


2x8 
2x6 


3x8t 


8t 
11 


10 

7 


22x30 


2x8 




16+* 


19 












16x30 


2x6 


3x8t 


lit* 


7 


24x24 


2x6+ 




13+* 


20 


16x36 


2x6 


3x8- 


14t* 


12 


24x26 


2x6- 




16+* 


20 


16X40 


2x6 


3x8 • 


14t* 


12 


24x28 


2x8- 




16+* 


20 


16x60 


2x6 


3x8t 


19t* 


17 


24x30 


2x8- • 




16+* 





+ Denotes that full size of lumber must be used. 
* Denotes that the 4"x4" must be braced at mid-height by 
rW in both directions. 

The figures numbers refer to pages 100 and 101. 
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MENSCH, THE SEINFOBGED 

DATA ON COLUMN FOBMS. 



Sin If 


Inrfs Isii 
li 

mm 


•Nrfslsd 

to 

LMCirSMts 

SISftZE 


fum 




Strtis 

N 
lit 

SMi 

•1 
Fram 


1 

s 


MMllhNlWS 


Nr 


hdws 


LMlll 


OfxlO" 


2-J"x9r 


4-J"x5r 


2 
2 


2x4" 
2x4 


2'-6" 
O'-lli" 


8.1 


1200 


A' 


lljxl2 


2-JxlH 


2-Jx5| 
2-Jx7J 


2 
2 


2x4 
2x4 


2-8 
1-1 


8.9 


1400 


/f 


13ixl3i 


2-Jx7| 
2-Jx55 


-Hx7f 


2 
2 


2x4 
2x4 


2-10 
1-2J 


9.7 


1600 


i 


15ixl5i 


4-Jx7f 


Wl 


2 
2 


2x4 
2x4 


3-0 
1-4J 


10.7 


1840 


f 


17ixl7i 


2-Jx7| 
2-Jx9f 


•Hx98 


2 
2 


2x4 
2x4 


3-2 

1-65 


11.6 


2050 


f 


lOixlOi 


4-Jx9t 


2-ix5S 
4-Jx74 


2 
2 


2x6 
2x6 


3-4 

l-8i 


14.0 


2280 


ft 


21x2H 


4-5x7f 
2-5x5J 


0-Jx7i 


2 
2 


2x6 
2x6 


3-6 
1-105 


15. 


2500 


1 


23x23i 


6^x7f 


4-5x7f 
2-Jx<)J 


2 
2 


2x6 
2x6 


a-8 

2-05 


18. 


2050 


ft 


25x25i 


4-Jx7f 


2-Jx7S 
4-Jx9& 


2 
2 


2x6 
2x6 


3-10 

2-25 


19. 


2200 


ft 


27x27i 


4-Jx9f 


6-Jx9t 


4 


4x4 


a-3 


20.4 


3200 


ft 


29x29i 


6-Jx9| 


8-Jx7f 


4 


4x4 


3-6 


21.8 


3400 


ft 


31x31 


8-Jx7f 


6-5x7g 
2-Jx9f 


4 


4x4 


3-8 


23. 


3600 


ft 


33x33 


2-J^f 


4-Jx7t 
4-Jx9J 


4 


4x4 


3-10 


24.3 


3850 


t 


13.5 eetu. 


8-lSx5§ 


StaiUar ti 13ixl3J 


10.8 




i 


18.5 Octal. 


8-l§x74 


Staillar ti 19ixl9i 


16.1 




1 


23.3letai. 


8-l3x9f 


4 


4x4 


3'-<y' 


20.0 




ft 


28.0eclac 


8-lfxlH 


4 


4x4 


3-6 


23.6 




ft 



The frames are two feet 

"'x25%, where they are 18" c, 

Jl 2"x4", 2"x6" and 4"x4" 



c. c, except in 
c. 
are rough. 



23x23% and 
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FBEE SPANS IN BOARDS FOB COLUMN AND WALL 
FORMS. 
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We assume that the boards are not stressed more than 1800 
pounds per square inch, and that the deflection of the boards 
are limited in columns to 1/30", and in walls to %". 
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carts which are at present used for wheeling of the concrete, 
and experience proves that very little breakage occurs in the 
%" flooring. 

The floor boards must be supported hj joists. These joists 
should be surfaced on one edge to make them all of the same 
depth, and should be laid with the crown up. The joists are 
either carried entirely by ledger boards, nailed to the side of 
the beam forms, or partially by ledger boards and partially 
by 3"x6" or 3"x8" girders. The deflections in joists should 
be limited to %", and assuming that each joists has to carry 
per lineal foot a load of 160 pounds, which corresponds to the 
weight of a 5" slab and a live load of 20 pounds per square 
foot, where the joists are spaced 2' c.c, or to the weight of a 
6" slab and 20 pounds live load, where the joists are spaced 
19" c. c, we can find the clear spans which do not stress the 
lumber to more than 1800 pounds per square inch, or deflect the 
joists more than 14 " in the following table: 



SinifMsts.lMlis... 
SpM.llfrMlys«p«t 
S»M.sip1iN3sip'rts. 



|x3i 
5' 
5' 



2x35 
6'-3'' 



lSx5i 

6'-ir 



2x5J 



8'-8'" 
10'-7 



2x7J 
ll'-9ll2' 



l|x9i 
9'-ll 
2'-9^ 



2x94 
10'-8'' 
13'-2^ 



When the spans exceed the figures given for freely supported 
joists, they must be supported by 3"x6", or 3"x8" girders. 
These girders always are supported in the center by a strut 
in order to limit their span to 6' to 9', and the exact spans can 
be taken from table on page 92. 

The tables on pages 96, 97, and Figures 19-23, on page 98, 
give the data for the beam forms for all beams givgn in beam 
tables on pages 6 to 10. 

The depths 6%", 8%", 10%" 12%", 14%", etc., refer to 
beams No. 1 to No. 65 of the beam tables, and are to be used 
where, the commercial sizes of lumber are less than the nominal 
sizes, while the depths of 7^, 91^, 11^, 13^, 15^, etc., refer 
to beams No. 201 to No. 265 and are to be used where full 
sized lumber is obtainable. 
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Figure 19 shows the form for a beam 10%" deep. This 
depth is obtained as follows: We add to width of the nominal 
12" plank, which is actually only 11%", the thickness of the 
floor boards=%", and deduct the thickness of the bottom plank, 
which in most cases is 1%", and obtain 10%", depth of the 
stem of the concrete beam. As a rule it is unnecessary to use 
as thick planks as 1% or 1%"; planks 1%" thick are amply 
strong in most cases. They are, however, rarely kept in stock, 
and can as a rule only be obtained by resawing of 3" planks. 
Because they are more rarely used (although their use rep- 
resents a considerable saving), we assume their use only in case 
of full sizes of lumber. Here the depth of 11%" is obtained 
by adding to 12" the thickness of the floor boards=%" and 
deducting 1%", the thickness of the bottom boards. 

In beams of a greater depth of 12%" or 13%", two planks 
must be used for the sides of the beams. For depths up to 
16^" or 17%" these two planks may be held together by the 
l"x4" (rough) ledger boards, as shown in Figure 20, which 
ledger boards are nailed to both planks by 6d. nails, 6" c.c. 
The side boards are nailed to the bottom boards by 16d. or 
12d. nails (according as to whether 1%" or 1%" planks are 
used), 18" c.c. These nails should not be driven home, but the 
heads should be left projecting about %", to facilitate the 
taking down of the forms. Where no ledger boards are used 
the sides must be held together by l"x3" or l"x4" cleats, spaced 
about 4' 0" c.c, as shown in Figure 21. Figure 22 shows 
beam forms up to 21%" depths. The sides must be held 
together by l"x4" cleats, 2' 0" c.c, which cleats are about 
12" long and nailed to th^ side boards by eight 6d. nails, and 
to these cleats the l"x4" ledger boards are nailed by six 6d 
nails. 

Above 21%" we recommend the use of %" boards for the 
sides, to which sides are nailed at distances given in table, 
rough 2"x4" cleats, which are tied together at the bottom of 
the beam by two pieces l"x6" or l"x8", as shown in Figure 
23. It is well to wire the 2"x4" cleats after the steel bars 

•e placed, in order to prevent the spreading of forms by the 
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pressure of the concrete. The ledger boards should be l"x6" 
and nailed to the 2"x4" cleats, and should be further supported 
by l"x6" bracket pieces, about 8" long. 

For spandril beams and sometimes for deep girders, a design 
as shown in Figure 33 is of advantage. The cleats are nailed 
to the sides and hold the sides together by bolts and distances 
pieces, ''c.'* The cleats must be figured for deflection by the 

formula. Deflection in inches= J1_|_£L 1 y— — > when n the 

distance of thei cleats c.c. in feet, h the depth of wet concrete 
in inches, w the width parallel to the beam in inches and t the 
thickness of the cleat under right angle to the beam. For 
l%x3% flat and on edge and for 2"x4" rough, flat and on e<lgp, 

the formuhi reduces to-J^(J^y,-J^(JLy,,JL.(jLY, 
19()0\10/ 5850\10/ 2400\10/ 

n / h\5 

9600V loy ' 

The stress on the bolts =2n^AVx35=50n|A'\^ If, for 
example, the girder is 24" deep, n=3'-0", and we use 2"x4" 

o 

rough cleats, flat, D= — ~ X2.4^'=0.1 inch, or if the girder is 

^■rUU 

six feet deep and we concrete so rapidly that there may be 
40" of wet concrete in the girder, and n=2' and use 2"x" 

on edfire, then D — : =0.214 inches, and the strain on the 

^ 9600 

bolts in the latter case=50x 2x4^=1600 pounds, which will 

correspond to l^" bolts. 

The data for column forms are given on page 102, and shown 
in Figure 24 on page 98. The forms were figured for a pros- 
sure of wet concrete 12' in height, and we assume that the con- 
crete pressure = water pressure. 

We ascertain the depth of wet concrete producing a pressure 
=:water pressure in a column or wall, by forcing a stick of 
wood, l"xl", into the concrete. The greatest depth it can 
penetrate gives us the depth of wet concrete in above sense. 

The boards are held together by frames in distances of 2' 0", 
and the pressure per side of frame is given in eighth column. 
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The frames consist of 2"x4" or 2"x6", nailed directly to the 
sides, and are held together by bolts in one direction and by 
1" cleats, nailed to the 2"x4", as shown in Figure 25. The 
boards for the sides of the columns should be surfaced one side 
and both edges, and the deflection of the boards between the 
frames will be found to be less than 1/30'' For columns larger 
than 27" the frames should consist of 4"x4", bolted in four 
directions. In this case the side boards are deated together 
by l"x4" every four feet. The comers should be rounded off 
by nailing right angle triangular strips in the comer of the 
forms, either of 1" or 2" sides. On one side a Ioosq board 
should be left at the bottom to allow of cleaning out of the 
column form before concreting. 

The octagonal column forms of an inscribed circle of 13.5", 
18.5", 23.3" and 28" diameter can be built, using stock lumber 
as given in the table and filling in the spaces between the 
planks by one inch triangular strips. The frames to hold the 
planks together can be made of the same size as given for the 
corresponding square columns. 

Form lumber per lineal foot, as given in the table, includes 
the bracing to hold the forms in a vertical position. 

Where the length of the form does not correspond to the 
commercial length of lumber, there will be a certain waste, but 
it will rarely exceed 10% of the figure given in the table. 

Figures 27 to 32 show the scheme of the wall forms which 
we recommend. Where the progress of the concrete is thus that 
not more than three, five or eight feet of wall are concreted in 
two or three hours, the forms should be built according to 
Figures 27, 28, Figures 29, 30, or Figures 31, 32, respectively. 

These forms are figured for a height of wet concrete of 3', 
5' and 8'. It is generally cheaper to use wires to hold the 
forms together, when the wires can be tightened from the 
inside, but for thinner walls the use of bolts will be found 
considerably cheaper and more reliable, although it takes morei 
lumber. 



CONCRETE POCKET BOOK. 



109 



For uprights l-%"x3%" may be used in all cases. 

The bolts in all cases should not be less than %". 

In Figure 28 the bolts should be spaced 7' c.c, when full 
2"x4" are used for whaling pieces, or 6'-0" when l-%"x3-%" 
are used. 

In Figure 30 the bolts must be spaced 5'-0" c.c, or 4'-0" c.c. 
according as to whether 2"x4", or l-%"x3-%" are used for 
whaling pieces. 

In Figure 32 only one 2"x4" need to be used when the bolts 
are placed next to the uprights. 

The following table gives the quantities of lumber per square 
foot in the various types of wall centering also the number and 
weight of bolts and wires. 





FNtilFiniUiih 
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.23 
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Fipria 


.16 


Hfvill 


.28 


npnS 


.46 







The deflection in the boards are less than 1/30", and in- 
cluding the deflection of the l%x3% uprights and whaling 
pieces, the greatest spread of the forms should not exceed 1/10" 
at each side, when above arrangement is used. 



110 MENSCH; THE BEINFOBCED 

The table on page 99 gives the best arrangement of joists, 
girders and supports for the typical floor constructions of 
pages 44-54. It is always assumed that 1'' flooring and 2" 
planks for beam forms are used. The size of the joists is 
given in the third column; the exact spacing of the joists, 
however, should be found by consulting tables on page 92. A 
t denotes that the sizes must be full, or larger joists should 
be used. The size of the girders, supporting the joists, is 
given in the fourth column, and in nearly all cases full sizes 
should be used. The number of supports is given in the flfth 
column and a * denotes that the supports should be braced in 
both directions at mid-height by l"x6" boards. The number 
of supports were found by figuring the weight of the whole 
panel and dividing by the permissible load on one support, and 
making a proper deduction for the weight carried directly by 
the columns. In the sixth column is given the serial number 
of the sketches on pages 100 to 101, showing the arrangement 
of the form work. The black circles in these figures indicate 
the concrete columns; the black lines, the beams and girders; 
the dotted lines the 3"x6" or 3"x8" girder; the plain circles 
one 4"x4" supjwrt, and the circles with a cross denote double 
4"x4", as shown in Figure 34. The direction of the joists is 
indicated by arrows. In some eases the load on one or two 
supports in one panel is greater than the average, and it may 
be of advantage to use for these supports 4"x6" or 6"x6". 

For ceiling heights greater than twenty feet it is generally 
cheaper to use 6"x6" supports, instead of the 4"x4" given in 
tlie tables. For example, where the length of the 6"x6" sup- 
ports are 22' it takes the same number of supports as where 
the length of 4"x4" are 10'. To facilitate the leveling up of 
the floor and the taking down of the forms, each support should 
be set on two wedges, each being 12" long and 4" wide (or 
wider for supports larger than 4"x4") and y/' thick at one end 
and 2Vj" thick at the other end. It takes as a rule one wedge 
for every 20 square feet of floor. 



CONCRETE POCKET BOOK. 



Ill 



The cost of the form work can be very materially diminished, 
if working drawings for each beam and girder form, wall 
panels, etc., is made, and the presence of a competent engineer 
or draftsman will easily save 10 to 30% of the carpenter / 
payrolL /. 

KAILS. 

Common wire nails have the following lengths : 
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To nail down the one inch flooring, which consists generally 
of boards 6" to 10" wide, not more than three, at the utmost 
five 4d. nails should be used in one length of board, or it takes 
in an average, including all waste, not more than 0.25 pounds 
of 4d. per 100 square feet of floors. 

It takes about one 4d. nail per lineal foot of each beam or 
girder to fasten the corner strips, and about four 6d. nails to 
fasten the ledger boards, and about one and one-third 16d. nails 
per lineal foot to fasten the bottom to the sides. 

In a floor construction as given for the first floor on page 83, 
we have per 100 square foot in an average 0.5 pounds of 4d., 
1.5 pounds of 6d. nails, and 0.4 pounds of 16d. nails. 
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BETAINING WALLS. 

The earth pressure per lineal foot of a wall of the 
height h in feet we assume to be given by the formula 

P=^^sh*tg' (45° — —)f when s the weight per cubic foot of 

the earth and a the angle of repose. Let s = 100 pounds and 
a =32°, then P=15 h2, and by differentiation we obtain the 
pressure per square foot at a point h below the wall as 
p=30 h, showing that the pressure is distributed along the 
height of the wall similar to water pressure, and that the 
resultant of the earth pressure must act at a point, which is 
% h below the top. Neglecting the friction of the earth against 
the wall, or in other words assuming the pressure to act hori- 
zontally, this earth pressure produces an overturning moment 
about the center of the base of the wall=15h2x%h=5h3. 
^ Tn all retaining walls in the tables the base=%li, the toe= 
y^'-^h the heel=%h. To simplify the calculation we shall 
assume that the concrete per cubic foot does not weigh more 
than the earth, then we can readily put the moment from the 
weight of the earth about the center of the base =100X%hX 
hX^Xi^^=2.34h', which moment acts in opposite direction 
of that of the earth pressure. Deducting, we have the result- 
ant moment=2.66h'. Applying Hooke's law, this bending 
moment must be equal to the moment of resistance of the 
rectangle of the base, which is one foot wide and l^h deep, 
multiplied by the extreme stress at the edges per square foot. 
Or 2.66h*=Sx%X(%h)' or the extreme stress per square 
foot S=64h, which means a compression at the toe and an 
ideal tension at the heel. To these stresses must be added 
the average uniform pressure produced by the weight of the 
earth=100X%h'-r-i^h=75h, which results in a distribution 
9f pressures as shown by the trapezoid abed in Figure 57. 
In as much as there are only compressive stresses produced 
at the base, the wall is perfectly stable against overturning. 
It is also safe against sliding, as the relation between the 
earth pressure and the weight resting on the base of the wall 



^ 



CONCRETE POCKET BOOK, 



113 



.*- QjlZ\ 




g d 

i1 II 

ti<« II II II 



be o 

.at: 

• ^ 




"Mili 



T f 






114 MENSCH, THE REINFORCED 

is as 15h*:37.5h'=0.4, while the coefficient of friction is 
about 0.566. 

The toe may be lengthened and the heel shortened till they 
are both of the same length, without jeopardizing the safety 
of the wall against overturning, but as the weight on the base 
becomes smaller the safety against sliding is diminished, and 
we have to resort either to an inclination of the base or to 
projections into the ground from the base, in order to increase 
the sliding resistance. 

We can clearly see that the upward reaction *of the ground 
stresses the toe like a cantilever. In case of the heel we 
have to consider that the reaction of the ground is smaller 
than the weight of the earth above it, therefore, a reversal 
of stress takes place, and the distribution of the downward 
pressure is given by the trapezoid efgh in Figure 57. 

The stresses are only immaterially altered if the real weight 
of the concrete enters the calculations, for the reason that the 
thickness of concrete is small in comparison to the dimensions 
of the structure. 

The retaining walls as Fig. 55 are figured on the cantilever 
principle both for the toe and the heel, and on account of the 
reversal of the stresses the vertical rods of the wall must run 
into the upper face of the heel and into the bottom of the 
toe. The toe takes up 20% of the overturning moment, and 
the heel 80%, and in the same ratio the steel rods should be 
divided. 

To prevent cracks it is the writer's practice to reinforce 
the wall horizontally at the top by ^% and diminishing this 
percentage to % or 14 at the base of the wall. The writer 
does not place any longitudinal reinforcement in the toe or 
heel. Place three %" stirrups at each rod, turning into the 
heel, as shown in Figure 55. 

Up to a height of 15 feet this type of walls are cheaper 
than reinforced concrete walls with counterforts, as shown in 
Figure 56. The bending moments in the face of these walls 

are figured by the formula Ei?, when p=30h, and 1= clear 

distance between counterforts in feet. The toe is again a 
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eantilever, while the heel is stressed the most at the edge by 
a uniform load per square foot=89h. Also here the bending 

moment is taken as EL 
12 

The table gives the reinforcement per lineal foot of toe and 
the reinforcement for the heel plate at the edge, which rein- 
forcement may be safely diminished to %% at the point h. 
The main reinforcement in the counterfort is obtained by con- 
sidering the counterfort as a slab of the width given and a 
depth=0.35h and is also given in the ninth column, while the 
horizontal and vertical bars marked ' ' a ^ ' and * * b ' ' in Figure 
56 must be figured to take up the earth pressure^SOh X dis- 
tance of counterforts and the weight of the earth according 
to diagram Figure No. 57. 

To take care of the negative moments both in the wall and 
in the heel plates, rods of a length=0.4 the distance be- 
tween counterforts must be placed at the counterforts both 
in wall and heel slabs. 

The main reinforcements of the counterforts should extend 
into the heel plate at least 1/10 h, and y^ of the rods may 
be stopped of at about y^ the height of the wall. The re- 
inforcement of the toe should be 0.29 h long. The horizontal 
reinforcement of the wall may be gradually diminished from 
the values given for the base to the value given for the top. 
As vertical reinforcement, % round 12" c. c. or its equivalent 
will suffice. 

For a surcharge equal to the weight of earth of the 
height h*, the pressure per foot of wall=15 (h*4-2hh*) and 
the distance of the resultant earth pressure from the base 

3 2hiH-h 
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BOUND TANKS. 

In designing a tank of a given capacity, where the diameter 
or the height is not fixed by some special requirements, the 
first question which arises is to find the diameter and height 
of the tank which will make the cost a minimum. 

Let ''a" be the average cost per square foot of the cylin- 
drical shell and *'b'' the average cost per square foot of 
excavation, bottom, covering (if any), fill (if any), then we 
can find by the theory of maxima and minima for the mini- 
mum cost the important relation H=i^DX -— , when H=» 

a 
height and D= diameter of tank in feet. 

The cost per square of the shell varies from about 35c 
for the very small tanks to about 80c for the largest tanks, 
while the cost of the bottom does not vary more than from 
13 to 17c per square foot, and that of the covering from 30 
to 50c per square foot. 

After one or two preliminary trials, in which the capacity 
table on page 122 will be found helpful, the proper relation 
of H to D will be found, and by interpolation the proper H 
and D may be taken from the same tables. 

The amount of reinforcing in square inches per lineal foot 
of the shell is at a point h below the high water line given 

by 62.5hX%D-^-16000 = about ^, 16000 pounds being the 
allowable fibre stress on the steel. 

In the tables on pages 120 and 121 the second column gives 
the required reinforcement for values Dh up to 5000. The re- 
inforcement per lineal foot should, however, never be reduced 
below %% of the concrete section, even if the tables give 
for the upper portion of the tanks smaller values. For con- 
venience of ready estimating the cost, the third, fifth and 
sixth columns on pages 120 and 121 give the total amount of 
steel, concrete and form lumber for the cylindrical sides for 
values of I) X greatest height up to 5000, and tTie "ninth and 
-nth column on page 122 give the total of concrete and steel 
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in the bottom, and on page 123 will be found the data for 
dome coverings. 

The vertical reinforcement in the shells was assumd =14%. 
The rods in the bottom must run in both directions and extend 
at least a foot into the shells. 

For square or rectangular tanks the minimum cost is ob- 
tained when H=%DX-— when D the side of the tank in feet. 

a 
For rectangular tanks a similar proportion will apply. The 

bottoms in square tanks can be made of the thickness given 
for round tanks, and the sides can be taken from table below. 
For the covering a girderless floor construction, as given in 
tables on page 55, will be found safer and cheaper than the 
groined arch construction which is generally employed in the 
United States. 
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In domes for 300 pounds per square foot the. weight of 
reinforceibent in base ring is included in weight of the steeL 
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Fig. 58. Half Section and Half Elevation of Elevated 
Water Tanks. 
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In this case the reinforcements given in the fourth column 
must be placed at both sides of the wall. 

Longitudinal reinforcement should be %%. 

Example: To build a covered reservoir of 300,000 gallons 
capacity. It is evident that it will be economy to use portion 
of the excavation for backfill, and therefore the reservoir 
should be built partially under and partially above the natural 
ground. At a first trial it will be natural to assume that the 
height should be as little as possible, say one-quarter of the 
diameter. The table on page 122 gives the corresponding 
diameter to 60'. Figuring the concrete at 25c per cubic foot, 
steel at 2%c per pound, forms at $45 per 1000 feet B. M., ex- 
cavation at 50c, fill at 30c per yard, we find that the relation 
b:a=nearly two, or that H should be nearly equal D. On 
the other hand, a tank being as high as the diameter, of the 
required capacity would be, according to the tables, 38' in 
diameter and rather inconvenient to build and to cover with 
dirt, and we shall settle on a tank 50' in diameter and 20' 
high, being ten feet in the ground. The dirt from the exca- 
vation will be just sufficient to cover the top three feet deep 
and to form an embankment around the sides. Dxh at the 
lowest point:=1000, at a point 5' higher up=750, at middle 
height=500, at the quarter point^250, requiring, according to 
tables on pages 120 and 121, 2.00, 1.50 and 0.50 square inches of 
steel per lineal foot, or 1" square bars, spaced 6", 8", and %" 
square bars spaced 9" respectively. The reinforcement at the 
top of the cylindrical shell should not be less than ^% of the 

7x12 . 

section=r;* ^ =.21 square inches. As vertical reinforcement 

we shall use %" square bars 30" c. c.=^% of the concrete 
section. 

The bottom, according to the table on page 122, will be 
made 6" thick, and reinforced in each direction by ^%=.18 
square inches, or %" square bars 9" c. c. 

The dome will have a rise of 5' and be 4%" thick and 

reinforced by ^4% in two directions, or ^-^^^^ =.135 square 

400 
inches per lineal foot. The thrust of the dome must be taken 



CONCRETE POCKET BOOK. 127 

up by a circular reinforcement at the base of the dome. The 
required sectional area is found by dividing the stress given 

OOK AAA 

in the table by 16000, ori:fliirrli=14 square inches, correspond- 

16.000 
ing to fourteen 1" square bars. 

The reinforcement in the shell should overlap at least 50 
diameters, and the laps should be staggered. 

The simplest way to make the shell waterproof is to give 
it, on the inside, three coats of cement finish, each about %" 
thick, and each applied before the preceding coat is set. 
Before applying the finish the surface must be thoroughly 
cleaned and wetted. The finish is to consist of one part 
eement, 1/10 part hydrated lime, and 1 part shajrp sand. 

The entire tank requires 3540 cubic feet of concrete, 32400 
pounds of steel, and 19 M feet of lumber. 

As a comparison we shall figure the quantities for a square 
tank of the same capacity. Let us assume the tank is 50' 
square and 18' deep, allowance of 2' being made for air space, 
which in case of a dome cover is obtained by the rise of the 
dome. In as much as the water stands only 16' feet high and 
the wall is 18' high, we shall take the dimensions for a 17' 
wall given in table on page 119 for the side walls, which means 
that we have per square foot 1.5 cubic feet of concrete, 6 pounds 
of steel, and 4 feet of lumber for forms. For the roof con- 
struction we shall adopt a girderless floor, being supported 
by columns 16' feet on centers, which floor construction re- 
quires .625 cubic feet of concrete, 3.84 pounds of steel and 
3.00 feet of lumber per square foot. The columns we shall 
make 15x15%, reinforced by four %" round bars. 

This tank requires 8250 cubic feet of concrete, 33300 pounds 
of steel and 22700 feet of lumber, and although the unit labor 
might be a trifle less in this case than for a round tank, the 
latter will be found cheaper than the square tank. 

The table on page 123 gives data for the design of domes, 
which are uniformly loaded. The rise of the domes was 
assumed =1/10 of the diameter in case of a total load of 300 
pounds per square foot, and==%of the diameter in all other 
instances. Concrete domes are figured for shear only, because 
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the shear is not much less than the compression per lineal 
foot, but the allowable shearing stresses are considerable less 
than the stresses which may be allowed in compression. 
The vertical reaction per lineal foot of circumference at the 

base of the dome=MiP5_-f-3.14D=2^and this force produces 

a radial tension of 2.4 X £— and — Eii for domes of a rise 

4 3 4 

«-^DandiDrespectively,which radial forces multiplied by half 

the diameter =0.6pD* and .333pD* gives us the stresses in the 
base ring. The shear per lineal foot of circumference in 
radial direction=0.231pD and 0.20pD respectively, and a 
shearing stress of 75 pounds per square foot was allowed in 
figuring the tables. There is no necessity to reinforce the 
dome in circumferential and radial directions, and it is the 
writer's pr?ictice to place a reinforcement=^4% iii two main 
directions under right angles to take care of possible unequal 
loading. 

The thickness of the domes at the base may be safely de- 
creased to \U at the crown, which was taken in consideration 
when figuring the concrete, in all cases where thickness at 
the base is given at 5" or larger. 

The elevated tanks, as detailed in table on page 124 and as 
shown in Figure 58, will be found in most cases cheaper than 
standpipes or other elevated tanks, and are decidedly of a 
sightlier appearance. The bottom consists of a portion of a 
sphere and a truncated cone, and if the relative dimensions 
of the cone and dome are adopted as given in the tables anJ 
shown in Figure 58, there is no perceptible thrust on the basa 
ring. 

The smaller tanks may be supported on columns, but thi 
larger tanks should be supported by a reinforced concreti 
shell, of a thickness as shown in table, and reinforced bj 
^% in both vertical and circumferential direction. Th^pep 
missible load on the ground was assumed=5000 pounds peJ 
square foot, and the wind pressure was assumed=30 poundj 
per square foot for a flat, or 20 pounds for the projection o3 
a roqnd surface. I 



CONCRETE POCKET BOOK. 129 

Where the tank is supported by columns a stiffening ring of 
a 8eetion=section of the supporting columns should be 
adopted to transmit the loads to the columns. The reinforce- 
ment of this ring for the three cases in the tables by four 
1" round bars will suffice. Extra rods should be provided 
for the negative bending moments over the supports. At the 
junction of the conical bottom with the cylindrical shell is 
acting a tension = weight of shell and cover divided by 3.14, 
which must be taken care of by' a circular reinforcement. 

The thickness of the conical bottom=thickness of the shell, 
and the circular reinforcement can be taken from pages 120 
and 121 for the proper values of dXh. 
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GBAIK ELEVATOBS. 

We assume the weight of grain=50 pounds per cubic foot, 
and the angle of repose=29*. Then by common theory of 
earth pressure the pressure per lineal foot on a wall h feet 
high=7.7h2, and the pressure per square foot at h below the 
surface=15.4h. This pressure in a bin of the width s in feet 
increases, however, only until h=s cot. 29°=1.8s. Below this 
depth the friction against the sides equals the additional weight 
of the grain, and no matter how deep the bin the pressure 
never exceeds 15.4Xl.8s=27.75s, a fact fully demonstrated by 
practical experience. 

The bending moments caused by a uniform load p per square 
foot in a square frame of a side s in feet are given by the 

formula JB_L_ and ^^ for the center of the sides and the 

24 12 

corners respectively, or, as p=2 7.75s, the bending moments= 
1.15s' and 2.3s' respectively. 

It will be found that the bin walls given on page 133 were 
figured according to these bending moments. The bottom of 
these bins is generally built as a truncated pyramid, which is 
suspended from the sides. The weight on the bottom is not 
greater than the weight of the grain of a depth = s'. The 
total weight on the bottom divided by the girt of bin gives 
the vertical force per lineal foot, which must be taken care 
of by the suspension rods '*r,'*, the section of which is ob- 
tained by dividing the stress given in the seventh column 
by 16000. These rods should extend into the bin walls for a 
length = s' and each rod must be anchored by a stirrup at 
least 2' long into the adjoining bottom, in order to take care 
of the horizontal component of the pull from these suspension, 
rods. 

The horizontal reinforcement of the bottom should consist 
of the same rods and the same spacing as the bin walls, and' 
short rods should be imbedded in the upper face at the cor- 
ners to take care of the negative moments. 

The columns supporting the bin walls should be of liberal 

ze, and the girder "a'^ formed by the intersection of the 
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bottoms should have liberal dimensions and reinforced by 
at least four 1" bars, in order to transmit the load from bin 
walls to columns. 

In case of circular bins of a diameter d, the sectional area 
of the reinforcement for all points below 1.8 d per lineal foot 

27.75d d ~.ooo865d» and can be diminished to ^% at 

16000 2 ' ' 

the top. 

A suspended bottom is rarely used for bins more than 20' in 
diameter; for larger diameters the bottom is supported by a 
regular floor construction. The shear per lineal foot equals 
again weight on bottom divided by circumference and pro- 
duces a tension under 45° to be taken up by the suspension 
rods, and a compression at the bin wall of the values given 
in the eighth column. The horizontal reinforcement in the 
conical bottom should be the same as in the bin walls. 

Also these bins should be supported by large columns and 
a heavy stiffening ring at the junction of bottoms and sides. 
In a cluster of circular bins, there are formed smaller bins, 
nearly square in section, which should be reinforced as given 
for square bins. 
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CONCBETE DAMS. 



Figures 61-62 show types of solid concrete dams, as gener- 
ally executed in rubble masonry. In a dam, built according to 
Figure 61, the compressive stresses at the downstream edges of 
the base=100.5 h pounds, and those at the upstream .edge=: 
68.5 h, while the greatest compressive stresses occur when the 
reservoir is empty, namely 166.5 h at the upstream .edge. Such 
a dam is safe even if the water pressure should find its way 
under the base of the dam, a case which can only happen to 
any considerable extent if the dam is not founded on bedrock, 
an absolute necessity for any dam of importance. 

In a dam built according to Figure 62, the compressive 
stresses at the downstream edge of the base=131 h, and those 
at the upstream .edgo=40 h; by giving the upstream face a 
batter of 8% the greatest compressive stresses, when the 
reservoir is full and when it is empty, are nearly alike, namely 
150 h. 

The rubble masonry consists generally of 50 to 60% of larg$, 
stones and 40 to 50% of concrete, 1:7^/^ to 1:9. 



ABCHED DAMS. 

The line of pressure for an arched dam is a portion of a 
circle. Let D=the length between the abutments in feet, and 
the rise of the arch=0.2D, then the radius of the circle= 
0.725 D and the stress per lineal foot height at a point h' below 
the water line=62.5xhx 0.725 D=45.3 Dh; allowing a stress of 
25000 pounds per square foot on rubble masonry, the thickness 
of the dam at a point h' below the water line=0.00182 Dh. 
This would mean a feather edge for the top of the dam. If 
we assume the thickness at the top=0.1 of the base, the total 
volume per lineal foot of the section (the height of the dam 
=H')=0.001 DH2 cubic feet, or in the entire dam, consider- 
ing that the length of the arch=1.10D, are 0.0011 D2H2 cubic 
feet. 
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If the rise of the arch=0.288 D, the corresponding radius of 
the circle=0.58 D, and the thickness at the base=0.00145 DH, 
and the volume per lineal foot of the section=0.000796 DH2 
cubic feet and the total volume of the dam, considering that 
the length of arch=1.209D,=0.000965D2H2 cubic feet, which 
is the minimum volume obtainable in any arched dam. 

Comparing these volumes with the volumes of the gravity 
dam, as shown in Figure 62, we find that the arched dam with 
a ri8e=0.2D contains less material as long as D is less than 
363', and the dams with a rise=0.288D contain less material 
as long as D is less than 415'. 

It is an undisputed axiom that there is no stress where there 
is no deformation. If, on account of the friction, the base of 
the dam cannot move in accord with the proper elastic diminu- 
tion of .the length of the arch, there cannot be any arch action 
at the base, and the influence of such an immobility extends 
well up to the middle of the height. Hence, where there is no 
special provision made to allow of the safe sliding of the 
base, every arched dam must act as a gravity dam as well, 
because -there is no other way for the structure to take care of 
that part of the water pressure which is not taken up by the 
arch action. It can be shown that in an arched dam, of a 
section as shown in Figure 63, the overturning moment about 
the base of that part of the water pressure which is not taken 

up by the arch action=62.5 5 — , resulting in a compressive 

stress at the downstream :edge of the base=177.5H and in a 
compressive stress at the upstream edge of the base =9.5 H. 
The writer does not see any reason why the allowable stresses 
in dams should be limited to only 100 or 150 pounds per square 
inch, and he advocates the use of the same stresses which would 
be used in retaining walls. We see that arched dams of a 
section, as shown in Figure 63, show a saving of 38% in 
material over gravity dams of the section shown in Figure 62. 
A far greater saving can be effected by the use of reinforced 
concrete arched dams, but inasmuch as such reinforced arched 
'^ms have not yet been built, we will not give any tables for 
e kind of dams. 
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BEINFOBCED CONOBETE DAMS. 

The table on page 140 gives the data for cantilever type of 
reinforced concrete dams of moderate heights. A section of 
such a dam is shown in Figure 64. The stability of the dam 
is obtained by an earth fill on the downstream side. When the 
reservoir is empty the dam is strained, similar to a retaining 
wall of the type **A," and must be reinforced for earth 
pressure, and when the reservoir is full the dam is strained by 
the water pressure, which is partially counteracted by the 
earth pressure. On account of the triangular shape of the 
earth prism the earth pressure on the downstream face of the 
wall may be taken as lOh^, or the pressure per square foot 
at a point h below the top of the fill=20h, and the moment 
about the base of the wall=3.33 h3. 

The moment from th§ water pressure about the base of the 

h2 h 
wall=62.5 -Q-x -o- =10.42 h3, or the back of the wall must be 

reinforced for a bending moment=7.09 h3. 

The compressive stress at the downward edge of the base of 
the dam=82.5 h pounds per square foot and that at the up- 
stream edge=37.5 h, while the actual pressures, which must be 
taken care of by the base plate are given in Figure 65 by the 
diagram abcde. 

The area of the reinforcing rods given in table on page 140 
is for the intersection of wall and base, and the rods may be 
stopped off at proper intervals, according to the bending 
moments, which are acting at the various points. 

The weight of the base and fill per square foot at the 
extreme downstream edge of the base must=20 h pounds, in 
order to make the structure safe against ovgrturning when the 
reservoir is empty. 

The yardage for the fill per lineal foot of the dam is given 
in the last column of the tables. 

The very low stresses produced on the ground by these dams 
does not always necessitate the foundation of the dam on bed- 
eck, provided an apron, as shown in dotted lines in Figure 64, 
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is built at the upstream side of the dam into the impermeable 
strata below or unto bedrock. Where the building of this apron 
in the ordinary way would be too expensive, an apron of 
reinforced concrete sheet piles can be provided, and this apron 
can be made watertight by forcing grout into channels provided 
for this purpose in the sheet piles. 

For dams higher than 25' counterforts should be adopted, as 
shown in Figure 65. The data for these dams are given on 
page 141. The downstream face of the wall is figured for a 
pressure of 42.5 h pounds per square foot, and the upstream 
face for 20 h, and in both cases the bending moment was 

taken as ^— • f ^l^en p= pressure per square foot and l^lepr 

span between counterforts. The base plate is stressed, as 
shown in Figure 65, by a distribution of loads given by diagram 
abccle, at the extreme edges by 62.5 h pounds per square foot, 
and a reversal of stresses takes place at the center of the base. 

The counterforts are mostly stressed in the plane, marked 
mn in Figure 65, and the main reinforcement may be stopped 
off at proper inter\'al. The reinforcement of the counterforts 
at the upstream side is extremely heavy for the higher dams 
and must be placed in the part of the wall adjoining the 
counterfort, and proper stirrups in horizontal direction must be 
provided to transmit the shear. 

In case that there is danger that the dam is overtopped, the 
earth fill should be covered by a reinforced concrete slab at 
least 6" thick, rginforced by %% in both directions. 
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BEINFOBCED CONOBETE DAMS. 
(Cantilever Type.) 
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V^% Sit the lowest portion of wall. 
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BEINFOBOED CONCBETE WATEB PIPES. 

Let d=inside diameter in inches, and p=pre8sure in 
pounds per square inch (a head of one foot of water means 
a pressure of 0.43 pounds inch', or a pressure of 1 pound 
inch* means a head of 2.31 feet), 12000=safe stress per 
square inch on the helical reinforcement, then the sectional 

area of the helical reinforcement per lineal f oot= P . Where 

2000 
occasional loss of water is of no great account a stress of 

16000 pounds per square inch may be allowed. 

The pipes are generally made in lengths of 3' to 10', in 
permanent or temporary shops, always by the use of sheet- 
steel forms. Their connections are formed by means of 
sleeves, generally 8" long and about 1" larger in diameter 
than the pipes, and the space between sleeves and pipes is 
filled with grout. 

For heads between 80' to 100', a mixture of not less than 
one part cement to 1.3 parts of sand and fine gravel must be 
used. For heads between 50' to 70' the mixture should not 
be less than 1:1.5, for heads between 30' to 40' not less than 
1:2, for smaller pressures not less than 1:2.25. 

The pitch of the reinforcement should be very small, from 
IV2' for 100' head down to 4" for small heads. 

Where the friction on the ground takes up the greatest 
portion of the tension in the pipes, the longitudinal reinforce- 
ment may be limited to %%, otherwise the sectional area of 
the longitudinal reinforcement per lineal foot of circum- 
ference must be one-half of the sectional area of the helical 
reinforcement per lineal foot. 

For higher pressures than 45 pounds inch' the water 
tightness is obtained by a sheet-steel lining A" to %" thick, 
which in. important pipeff is protected by an inside reinforced 
concrete shell I'* thick. 



OONCRETE POCKET BOOK. 



148 




144 



MENSCH, THE EEINFORCED 



10 






O 



IS 




M 



I I'! 



H>ii 



ill* 



Mjiii 



ill I 



I 



■^■g sj s^ 




it'll 



h'li 






iwiimmam 



IMS 






^4*^^0000000000 



r-i r-i C<i 00 CO tH '(jJ »C 



1^ r-(lO 00 0^1 CO O CO 
-^r-(r-i^(M(MCOCO 



rHTHCOCOCOCO"^'"^ 



tHtHt-H(M(M(MCOCO 



8qi a<i lO CO y-i ^ t^ 
O r-i .-* ,-H <N (M (M 



o?§SSo?Si?^ 



iftt^OCOC00505i-t 
t^ Oi C^ "^^ CO X tH Tj^ 

* rH f-i i-H rH C^ C^ 



> O rH T-( T-H T— ! C 



^ k k k & % H^H* 



00 



SSSS8833 



So5(n8o5Sc<| 

OO^tCOt^OSOr-iOO 



2 22 ;^ 9 S 22 32 :^ 



T S 5 5 5 & 

tH»— (t-Ht— (T-H»— fC<l(M 



i-Hi-lTHrHCOCO^CO 
t>»b*t>t^0000wOi 



i-HtHj— (THOiOOOOO 
OpOOrHT-HCOCO 



c<i CO* -^ iO CO t^"* od oa 



THf-iSc^lCoS^'S 



■r-i r-( ,-( T-H 1-1 r-i G<1 eq 



^ »o CO CO CO i> !>. b* 



t>.t^Oi05 05< 



c<i G<J CO ''i^* id CO CO t^ 






— — W W « < 






CONCJREtE POCKET BOOK. 



145 






Ifili 



CD 

CO 



ilii 



!|-'i'l 
«?l&^ 



iwt>««wn»m 



rf-rfrf'^ScOcS^ 



CC0CO0O0CtgO5O5 
(M 5^1 (M C^ G<l (M G<l C^l 



t-^SSSoOOO^S 



^ ^ ^ ^ C^l 61 (M <M 



O^CCOOOQO 

t^ t^ t^ rH t-J -^^ ^ T^ 

c4 c<i c<i CO ct CO CO cc 



cdcooi^coi-Ht>^'«* 
^ <M CO CO -^ »o »o CO 



lO o »c o >o 

(M ^ lO ^ 00 Cfc O C^l 



T 5 5 S 5 5 fc 5 

•-H" "-H" H^ Hn HnccH" etrH" etH* 
C^l Cq (N (M C^ C^l G<l (M 



TTIT 

i a 3 



O O (M !M <M " 



(M (M <M <N N G<l <N C<1 



Hill 



rf Tt r^ t>- t>- O O O 



lC»O»OCO<X>Q000Q0 
CO CO CO CO CO CO CO CO 



o 

CO 



ili! 



II 



CO '^ !>• 

ict^oirHcocdodo 

tH jH I— I r-1 (N 









rH <M CO CO "* iC C 



^COQOO<M^^OO 

c<ico^coi>-ao^o 







Cq C<1 Cq (N (N C<l G<l C<l 



ObOtOb'— (T-HrHCOCO 



SQQ OO QQC 
CO CO CO C 



^ ^ r-li-( r-(i-((M (M 



H^is 



5SS5; 



rHrHTHr-lt^b»COO 
(N Cq C<1 Cq C^ <M CO CO 






ii'ii 



'^t-hSScOOGOIO 
^* CO t^* CJ r-^ CO* TjJ CO 



rH G<|(M (M S S S CO 






coowcoot^ ^i 

^ (M (M CO "* ""^ »C C 



C<ICO'«^iOCDI>-QOOS 



nipilil 






wN-caH-e**^!^ fc^ jH- j^ 



ii 



iMi 



i] 



146 



MENSCH, THE REINFORCED 



i 



M 



Hui 



H 



ilil 



1— If-HrHf-HrHrHlOlO 
Tt rjl 'ft '^* iO ^ ?D CO 









U 



cc t^ i^ o^o (M "^ :o 






H 

O 
QQ 

a 




IMS 



till 






||«|S|isi«qi|U 



fit 









O 



ill* 



miii 



sinii II 
l|i«|isstn|afu 



5—5 

fc fe fe * HN-4Nfc ft 



CO CC CO 00 Tt< Tt< IC CO 



CO CO CO CO to iC CO c 
»OiO»OiCCDCOl>-C 



Tt5><5J;^^lAiCCOI> 

<MCO'«tiOCDt^00O5 



COOiCO(NOiu:)(MX 

coTt<cooooi.-icO'^ 



6 & % » & 

C<1 (M (M (M CO CO CO '«f 



C0C0C0C0'^'^'«*'»O 



1— •^rHrH'^f'^OOlO 



coooococoSSo 

O 06 t^ up '«^* (M* C4 rH 

<M 5^^ CO '^ IjO CO t^ 00 



^i$SK8g§^ 



1 C) <M C^j CO CO CO "^ 



s 



00 » » o:> O O <M <M 



(MfMfMr^COCOOO 

QOQOXCOOiOt'— (r-( 

»— (1-lr^CO'^'^OOOO 



SSS88S88 



ic 10 »o »c 
"if CO oS fH CO »c 00 o 

' rH rH 1-J >-^ »i 



'<t"^'^"^iO»ococo 



CO CO CO t^ l^ !>• c 

i>^ i^ r>I 00 a5 oi t-H rH 



tr^ l^ t^ (M ^ Oi t^ ?:- 

i-H rH T-H 05 CO CO CO CO 



rH b*' TjJ rH ^ ifi CO Q 



^ssss^ss 



<MC<ICOCOOiO»00 
Cq(MrHrHi-lOOi-H 

cdcdt>^t>"QOOiOirH 



05 0iS5ooco< 

OOQOOOi-K 



5S; 

5C0V 



§coSic»oSSo 

ui oJ '^* X CO 00 ^1 gi 

CO"^COt>.050C<lCO 



Oi S X ^*-^• ^ ^ i'S 

C0lCl>-05rHC0»Ct>- 



COCO'^'^'^i^iCCO 



i| 



jMi 



OiOOlOOlOOlO 



i] 



C0NC3RETE POCBaTT BOOK. 



147 



00 

O 



QQ 



n 

O 



At 



O 



0> 



il 






ll»!i 



fill 






sMMm 

ttMBjissMnpiu 




2 •B ^^s 










l!Ui 



illi 



II 






•HI 



|Mi 



OOCOCOCDCCCCCO 

»6 »c w t>.* w o o o 

rH rH rH rH i-J W C^l (M 



SQOOOCDCOO 
»0 CO CO 00 1-1 rH r-i 

<M <M C^1(N <M CM ?1 ^ 



2g8S8888 



""r^rHOOlCMOiCOCO 

»0 QC O CO CO 00 rH ''^^ 

* ^* r-i rH r-i (M* C^l 



l^ l^^ (M^ W S S CO CO 

rH r-i '^* ''f CO* CO CJ C5 



„ 00 CO CO c; o; 

^ CO o o CO CO i^ 1^ 

rH rH C^ C^l <M C^l C^ <M 



T-J »Q oi CO* CO CO* "^ r^* 

O 00 1-1 CO CO OO 1-1 CO 
T-H T-H T-1 .-H (M (M 



r-< CO OH^ CO 00 -t OS 

»0 t^ O <>1 »0 !>• O 0^1 

* ^* ^ rH* T-J Oi (M* 



* i fc & ft fc fc ft 

lO >0 CO CO 1^ l>- OO 00 



r-lrHCOCO0OO0«MC^l 

^ r-I c^i (>i Lo »c 00 00 



00 X C^l (M 

»0 »C 00 X (M O-l CO CO 

,-H T-1 ,-1 r-i(M C^ (M <M 



»6 CO O Ol »0 !>-' O r-i 

lO t^ O Ol rf CO 05 >-H 
rH tH tH rH t-l C<1 



X<NCOO'^QO<MCO 
Tt^ l-^ Oi 0>1 rp CO 05 rH 

*tH rH rH rH C4 



il 



1-1 rH <M <M c^i ic «:» 



sss 

(NC^ICO 



;§S 



8888888 

(M* oi id »C »Q OS o 

O -+ X -M CO O »0 

rH T-H rH (M (N CO CO 



sg? 



I »0 X 1— I ^ 
1 CO Oi CO CO 

i rA rH (Tl (>i 



lO »C ICIC iC CO CO 



CO CO "^ ''f'* X X 

l>- 1^ Ol O: 05 i—» rH 

CO CO i^ r>- 1^ <M <M 
(M (M (M C^l <M CO CO 



8888888 

»d C5 »d 00 »-H t>^ o 

X rH »C X Ol k^ g 



S S (M ^ X T-J ^^ 

* ^* rH ^ (m' c^i 



Id CD i^ f^ t- 00 X 



X X »0»OiCCOCO 



^;OCO 
W <M CD 



rH rH t^ h* 

SS88 

C^C^ICOCO 



S8S8888 

rHrH tHO^C^C^ 



5 lO ^ 

* rH rH i-H rH C4 



00 Id b- ^* t^ 00 00 



148 



MENSCH, THE REINFORCED 



BEINFOBOED CONOBETE CIBCULAB SEWEBS. 

We know very little of the forces acting on a sewer in the 
ground. The vertical loads produce a positive moment at 
the top **f and negative moments at the sides **s/' but 
we are unable to tell in what manner the earth pressure 
counteracts these moments. It is also clear that there is a 
certain arch action in the fill above the sewer (similar to 
what was said in chapter on Grain Elevators), preventing the 
full weight of the fill acting on the sewer, especially in deep 
trenches; also that the live head is only partially transmitted 
to the sewers. In many German cities the sewers for heavy 
traffic are designed for the following vertical dead and live 
loads for various depth of fill, neglecting the favorable in- 
fluence of the earth pressure. 

Height of fill 3' 7' 15' 

Vertical load per square foot 800 lbs. 700 lbs. 600 lbs. 

By the theory of least work, we obtain the following 
moments for a uniform, vertical load p per square foot acting 
over the entire diameter, over ^ diameter and for a con- 
centrated load P in center. 



LMI 
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H 

2 
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Pisitivi MraNt It t &I 


16 


Pi* 

20 


N 




6.28 




16 


23.5 


N 




11.1 



when d=diameter in feet. 

The sewers on page 149 were figured for a moment of P^". 

and it is clear that the reinforcement must be placed at top 
and bottom near the inside face and in the center near the 
outside face. Where sewers are built in the ground it is 
as a rule cheaper to give the outside an octagonal shape, as 
shown in Figure 66. The longitudinal reinforcement may be 
imited to %%. 
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BEINFOBCED CONOBETE PILES. 

The reinforcement of concrete piles is only governed by 
the requirements of safe handling before the actual driving. 
Experience also demonstrates that small cracks, occasioned 
by the transport of the piles, do not cause failure of the 
piles in driving; the fact is they close up after the first 

blow. The piles in the table are figured for a moment £_ 

when p the weight per lineal foot in pounds, and 1 the length 
of the pile in feet. This moment is produced when the pile 
is supported at one end and at a point 0.3 1 away from the 
other end. This gives a factor of safety of 1.6 for the case, 
that by accident the pile is supported at both ends only. 
Unless the piles are driven by a water jet it is necessary to 
use very heavy hammers for driving, in order to reduce the 
cost of driving. It is desirable, in hard ground, to use a 
hammer about twice the weight of the pile and not much 
less than the weight of the pile; then the driving does not 
take more time than that of an ordinary wooden pile. 
Let h=the fall of the hammer in inches, 

e==average of the last ten blows in inches, 

H= weight of hammer in pounds, 

P=weight of pile in pounds; 
then the weight which the pile can carry is given by the 

formula W= -iL — £Li_ — pounds. This formula nearly alwavs 

e (H+P)2 
gives satisfactory results. 

h is rarely more than 90". 

Rarely less than 25 tons nor more than 80 tons are allowed 
on a concrete pile. 

In filled ground it is of advantage to give the piles a 
taper, making the point not less than 6". If the center of 
the piles is made of the thickness given in the tables, then 
the same reinforcement may be used, if the pile is handled 
0.30 1 away from the point. In good fill it is safe to figure 
with a frictional resistance of 1000 pounds per square foot. 

For wharf work, where great stiffness is required, hollow 
>iles of diameters up to 5' are preferable to solid piles. 
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DATA ON BEIKFOBCED CONCBETE PILES. 
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* 6 rods, t 8 rods. 

t Assumed 4-% rods. 
The piles should be well cured, repeatedly drenched and 
then sprinkled with water, and should be two months old 
before driving. Piles which are driven by a hammer within 
one month or even three weeks, should contain at least 50% 
more cement than indicated above. 
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ABCHED BRIDGES 

The most favorable shape of an arched bridge without 
hinges is a curve very closely following a parabola. 

For the dead load and any fixed loading we can find by the 
theory of catenary curves the line of resistance which 
coincides with the center of gravity of each section of* the 
arch, and, therefore, produces uniform pressure in each point 
of a section, but any other loading will then produce bond- 
ing moments in all points of the arch. It can be shown 
that the most economical shape of an arch is very closely the 
line of pressure which corresponds to the full dead load and 
one-half of the live load, uniformly distributed. We have, 
as a rule, two types of arched bridges: one as shown in 
Figure 76, with solid spandril walls and dirt fill above the 
arch; and one as shown in Figure 77, with open spandril 
construction. 

Let 100a=the weight of the arch ring per square foot 
at the apex-j-the weight of the dirt fill and pavement per 
square foot -+-50 pounds, which is one-half of the customary 
live load of 100 pounds per square foot, and f=the rise of 
the arch in feet, 100=weight of dirt fill per cubic foot, and 
l=span in feet then the line of pressure for the first type of 
arched bridges is very closely given by 

8f 



y=l+G-±-1 



(1 + 3-|-)^-3(l+-|^)(^)2+4 (^)3-_2(^)4 L( I ' 

when the origin of the system of coordinates is at one abut- 
ment and the axis of the abscissae is horizontal. The hori- 
zontal projection of the thrust is given by T=100-ll(l-f 6-^)(2) 

and tgb=-T :r(^)> where b is the angle of the tans'' 

1 i^_5a 

ent of the line of pressure with the horizontal at the abut' 
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In tlie following table we can find the ordinates for the 
various 1/10 points of the arch and for the different values of 

JL, by multiplying the black figures by f. 
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In the open spandril type of arched bridges the line of 
pressure varies from a parabola only on account of the in- 
crease of weight of the arch towards the abutment. 

Let d=weight of arch per square foot at the apex + weight 
of pavement and floor construction at apex per square foot 
+50 pounds, and c=the increase of weight per square foot 
of the arch at the abutment, then the line of pressure is 
given by 



8f 



y=i + 5^V'"^^ -^-(i+^)(4-)^+ (^)« 



y=-r^^(i+^) 



2c ^^ 1 



..(4) 



12 o 

The horizontal projection of the thrus t — (d-|--^)...(5) 

■ , ol o 

: 8(3+1^) - 

and tfifb = ^ —..(6) practically the same as the 

1-fii 1 

c 
tangent \q a parabola, 
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Inasmuch as the shape of these curves is very near a para- 
bola, we propose to find the bending moment, thrust and 
reaction at the abutment from a concentrated or moving 
uniform load by the theory of parabolic arches of constant 
ratio of ds: L 

In textbooks can be found the following or similar equa- 
tions for the reaction (R) thrust (T) and moment (Ma) at the 
left abutment, for a concentrated load P, placed at a point u 
from the left abutment: 

l^_T> (l-n)g(l + 2u) . rp_p^ 15 (1— u)2u2 

^-^ 18 ^ im (1+k) 

Ma = PlL(l^(l-f^^) 

13 1+K 

when l=span in feet, f=rise in feet and k= _z_ x 

Af2 4 

wherein I=moment of inertia of the cross section, which is 

assumed to be constant, and A=area of the cross section. 

The influence of the shortening of the arch by the thrust is 

represented by k, but by inspecting the tables of arched 

bridges it will be found that k is never larger than 0.03 and 

mostly very much less, therefore we shall omit it in our 

calculations. 

We can figure the values of R, T and Ma for the various 
positions of a moving concentrated load from above equa- 
tions; this was done for each 1/10 point of the arch and 
shown graphically in Figures 69 to 71. The curves are called 
the influence line for R, T and Ma, respectively. We consider 
a moment positive if it tends to bend the arch in the same 
way as a downward load in a freely supported girder. Having 
found the indeterminate values of R, T and Ma, it is easy 
to find the moment about any point of the arch by the equa- 
tions M=Rx— Ty— Ma and M=Rx— Ty— Ma— P(x— u), ac- 
cording to whether the moment is to be found for a point 
at the left or the right of P. 
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Fig. 68. 



Fig. 69. 



Fig. 70. 
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Pig. 71. 



Influence Lines for Beaction, Thrust and Moment at 
Left Alt)utm^nt in a Parabolic Arch. 
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The ordinates of the curve in Figure 72 give, if multiplied 
by P.l, the moments from a moving concentrated load P 
about a section of the arch at the 2/10 point, and is called 
thei influence line of the moments for the point x=0.21. We 
see that the greatest positive moment is produced when the 
load is at the point x=0.2 1, that no moment is produced at 
the section x=0.2 1, when the load is at x=0.36 1, and that 
negative moments are produced when the load moves further 
to the right; and the greatest negative moment about the 
section x=0.2 1 is produced when the load is at x=0.54 1. 

The greatest positive moment from a moving uniform load 
about the section x=0.2 1 will be produced, when the load 
moves from the left abutment to the point x=0.36 1 and is 
found by multiplying area of the diagram below the axis of 
the abscissae by pi, when p=uniform load per square foot. 
The greatest negative moment is produced when the uniform 
load moves from the right abutment up to thg point x=0.36 1. 

By inspecting the Figures 72-75, it will be found that the 
greatest moment from a concentrated load about any point 
of the arch is produced at the section x=0.3 1, when the load 
is placed at the same section, and=0.0596 PI, a very high 
value if we consider that the bending moment in a girder 
=0.25 PI. The greatest negative moment about any point 
of the arch is also produced at the section x==0.3 1, when the 
load is at x=0.6 1. 

The maximum bending moment from a moving uniform 
load is also produced at the section x=0.3 ly when the load 
moves from the left abutment up to the point x— 0.44 1; at 
the jsame section is also produced the largest negative l)end- 
ing moment in any point of the arch, when the movable load 
moves from the right abutment to the point x=0.44 1. 

The following table gives the maximum moments attd the 
corresponding thrust from a concentrated load and fwm a 
movable uniform load for the sections of iihe arch at 
=0.2, 0.3, 0,4, and 0.5 1; _ 
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Fig. 72. 



Fig. 73. 



Fig. 74. 



Fig. 75. 



Influence Lines for Moments at x=0.2 1, 0.3 1, 0.4 1, 
and 0.51. 
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From the foregoing we can deduce the following rules for 
the design of an arched bridge: 

After having decided on the type of bridge, we find the 
shape of the arch by equation No. 1 or No. 4, and the thrust 
from the dead load and one-half of the live load by equations 
Xo. 2 or No. 5. The greatest moment in the arch is produced 

at the section x=0.3 1 and =2 — from a uniform load, or for 

100 
a concentrated load can be found as PI times the ordinates 

in Figure 73, when axle loads are so grouped around the apex 
of the influence line so that the summation of the ordinates 
times the various axle loads is a maximum. We assume that 
the load from a wagon is distributed by the fill and trans- 
verse stiffness of the arch over 12' of the width of the arch, 
hence, the values for the bending moment from a wagon load 
must be divided by 12 to obtain the moment for one foot 
width of the arch. 

In the tables on pages 170 to 177 are given the values of a:f, 
which we assumed sufficiently high, of the thrust per lineal 
foot width of the bridge from dead and half the live load, 
and the moment from a uniform load, moving from the left 
abutment to x=0.43 1, about the section of the arch at 
x=0.3 1, and also the moments per lineal foot width of the 
arch from a 12 and 24 ton wagoa (Cooper's specifications), 
\nd the corresponding thrusts, also for the section at 
=0.3 1. 
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Up to and including the spans of 140', the type with solid 
fill was adopted; for the spans 150' to 180' open spandril con- 
struction with solid arch; for larger spans open spandril con- 
struction with ribbed arches, connected by a concrete slab. 

For three different rises of the arch for each span is 
given the required thickness of the arch at the crown, and 
this lliickness should be gradually increased by 50% at the 
abutment. In all solid arches we assumed that both the top 
and bottom of the arch ring in reinforced by 14% of steel in 
the direction of the bridge and hy %% cross ways (both top 
and bottom). 

The use of the tables is best explained by an example: We 
shall assume that a bridge of a span of 120' and a rise of 20' 
is to be designed. From the table on page 173 we find that the 
greatest moment from a uniform load at the 3/10 section 
is 14400 foot-pounds, and from a 24-ton wagon 26000 foot- 
pounds; hence, the uniform load is more unfavorable than a 
12-ton wagon, which would only produce a moment of 13000 
foot-pounds. 

We do not make any appreciable error if we assume that 
the thrust given under the heading T, which includes the 
thrust from the dead load and half the uniform live load, is 
the thrust for a uniform load which proceeds from the right 
or left abutment up to x=0.44 1; hence, the arch ring must 
be figured for a thrust=65000 pounds and a bending moment 
of 14400 foot-pounds at the point x=0.3 1 for a moving 
uniform load. 

On page 167 we find that a 18" slab, reinforced by l^% 
at top and at the bottom, has an area of 248 square inches 
and a moment of resistance of 865 inch', and the compressive 
stresses from the thrust=65000-^248=262 pounds per square 
inch, and the greatest compressive and tensile stresses at 
the extreme fibres from the bending moment =12xl4400-f^ 
865=200 pounds per square inch, or the greatest compressive 
stress=262-|-200 pounds=462 pounds per square inch. 

We advocate an allowable stress of 600 pounds per square 
inch, hence the design is perfectly safe. 

In order to take care of the few imperfections in our 
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assumptions we shall take the section figured for the 3/10 
point of the arch as the crown section, and shall increase the 
thickness of the arch (but not the reinforcement) to IV2 
times the thickness of the crown at the abutment, which 
means, of course, also an increased thickness at the 3/10 
point. Inasmuch as the positive and negative moments are 
practically alike, it is clear that the reinforcement must be 
the same at both the top and the bottom of the arch. The 
greatest absolute values of the thrust and the moment are at 
the abutment, and the thrust is 58% greater than 65000, and 
the moment is 69% greater than 14400; as a rule it will be 
found that by making the thickness of the arch l^^ times 
that of the crown that the stresses of the abutment are less 
than those for the 3/10 point. 

If the bridge is to be figured for a 24-ton wagon, we obtain 
the thrust by substracting from the value given under T one- 
half of the thrust from the uniform load given under the 

12 
heading 100 — — , and adding the thrust given under the 

81 
heading T from a 24-ton wagon, which in this ca8e=64000 

pounds per lineal foot width of the bridge. The moment 
from a 24-ton wagon load is given as 26000 foot-pounds, and 
assuming an arch ring 20" thick, of an area of 276 square 
inches and a moment of resistance of 1075 inch3, we find the 
compressive stresses from the thrust =64000 : 276=233 pounds 
l)er square inch, and the stress from the bending moment 
= 12X26000:1075=291 pounds per square inch, or a total 
stress of 524 pounds. 

The stresses from a variation of temperature are found by 
the following consideration: 

Let E=:modul of elasticity=2,000,000 lbs. per square inch, 
c=coefficient of expansion for 1° F=0.0000055, 
t=change of temperature =50° F, 
I moment of inertia in inch* 
f=rise of arch in inches; 
then by the theory of least work and for a constant relation 
of ds:I in a parabolic arch, the thrust from a change of 
trmperature= ~~^ pounds, and the moment at the abut- 
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ment= inch-pounds; substituting the above values 

for E, c and t, we have T=:6200 -Libs and Ma=4140 -L 

f2 f 

inch pounds. The moments at the various 1/10 points of 
the arch are for x= 0.2, 0.3, 0.4, 0.5 1 

— 170-L 940— 1790-^2000— inch lbs. 
f f f f 

In above example the moment of inertia for a width of one 

foot is given on page 167=""82, the rise =240", therefore the 

bending moment from a variation of temperature at the 3/10 

point 940— =940X^^^=30500 inch-pounds, and the corres- 
^ f 240 ^ y 

ponding stress in the extreme fibres=30500-i-865=36 pounds 
per square inch. In the tables on pages 180-183 are all these 
stresses tabulated. The increase of stress from the thrust by 
the change of temperature is very small and may be neglected. 
Also the stresses due to the shortening of the arch are very 
small. The bending moment at the crown of the arch is very 

close= £-— — — , when p the average total dead and live 

24 1-fk ^ 

load per square foot. We said that k is never larger than 

0.03 in the bridges given in our tables; therefore the bending 
moment due to the shortening of the arch is small in com- 
parison to the moments from the live loads. It is good 
practice to limit the extreme fibre stresses in the arch, includ- 
ing all temperature stresses, to 700 pounds per square inch. 

It may be objected that we have no constant ds:I in our 
arch. By a more exact calculation can be found that an in- 
crease of the thickness towards the abutment increases the 
stresses at the abutments and decreases the stresses in the 
arch proper, and this variation amounts only to two to four 
per cent in the case that the thickness at the abutment=li/^ 
thickness at the crown. 

We have seen, on page 157, that the positive moments from 
a concentrated load are considerably larger than the negative 
moments, and by giving the arch another shape it is possible 
HO to decrease the positive moments and increase the negativf 
moments that they become equal, or so to form the arch thai 
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the moments from uniform loads and concentrated loads are 
reduced to a mean value of the separate moments; but only- 
experts in the design of arches can do this and it takes a 
great amount of time, and the cost of the design may be con- 
siderably higher than the saving in material. 

The bridges as given in the tables are considerably lighter 
than ordinarily built in the United States. There exist in 
Europe bridges which are considerably lighter still, which were 
tested by competent government officials for concentrated and 
uniform loads, and which gave no trouble in twenty years. 

The quantities of the concrete and reinforcement per lineal 
foot width of the arch is simply found by the following 
formula: Let d=thickness of arch at the crown in inches 
and 1% d the thickness of the arch at the abutment, and 

L= 1 ( 1+—- -!:— )approximately the length of the arch in feet, 

then the number of cubic feet per lineal foot width of the 

arch ring= £jr! and the weight of the reinforcement (a total 

of 1% of the crown section as longitudinal reinforcement and 
a total of y4% of the crown section as transverse reinforce- 
ment) =0.60 d L pounds, including overlaps. 

The spandril walls may be built of reinforced concrete 
according to Type A, given on page 116, or may be built of 
brick, rubble stone, cut stone, etc. 

f 1 
The fill in cubic f eet=r- per lineal foot width of bridge. 

o 
The cost of the abutments of an arch bridge is often as 

great as that of the arch proper and may be even considerable 
greater on bad ground, while on rock the cost is inconsider- 
able. 

The design of the abutments is very simple. In our 
example the horizontal projection of the thrust was 65000. 
The direction of the thrust at the abutment is given by 

8f '+'-r 

tg b=-2L L. ; a : f is about 0.2, or tg b=0.97, and the 

^ 14-6 -|- 

thru8t=62000-^cos. b=:90600 pounds. This thrust and the 
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weight per lineal foot of the abutment of 32200 pounds (cal- 
culated from Figure 76) and the weight per lineal foot of the 
earth above it 64000 pounds, gives a resultant of 176,000 
pounds, which strikes the base 3' from the center. The com- 
ponent under right angles to the base =174,000, and the direct 
compressive stress per square foot=174,000-i-20 (width of 
abutment) =8700 pounds per square foot while the stresses 
in the extreme points of the base are found by 174,000 X3-r- 
S % 20*=7900 pounds per square foot, resulting in a distri- 
bution of stresses as shown in diagram in Figure 76. A 
marked economy results from giving the base of the abut- 
ment an inclination of about 1 : 4, but in order to prevent 
sliding before the bridge is finished a small portion of the 
base should be made horizontal. 

Piers carrying an arch on each side do not need, for the 
arch section alone, to be made wider than three, at the utmost 
four, times the thickness of the arch at the crown and the 
foundation of the piers need only to be figured for the verti- 
cal loads and a moment per lineal foot width=100 _ 

when 1 the span in feet, f the rise of the arch and h the 
height of the pier in feet. 

The design of a bridge with ribbed arches is illustrated in 
Figure 77, for a bridge of 250' span and a rise of 40'. 

The tables on pages 177-179 give the values of dXc/3, the 
thrust from dead load and V2 live load for six feet width of 
the bridge (it being assumed that the ribs are 6' c. c.) and 
the area for six feet width of bridge. The capital letters 
indicate the type of rib as given on page 168. The thrust is 
found by formula on page 153, and the bridges of 200' span 
or more need only to be figured for a moving uniform load, 
as this is more unfavorable than a 24-ton wagon according to 
Cooper's specifications. 

In our example T=630,000, and the bending moment 375,000 
foot-pounds; the moment of resistance, according to page 
168,=17700 inch*; the area=1915 square inches; therefore 
the compressive stress from thrust=630,000H-1915=32P 
pounds per square inch, and the stresses in the extreme fibres 
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from the bending moment=375,000Xl2-j-17700=255 pounds 
per square inch, or a total stress of 584 pounds per square 
inch. The bending moment from a change in temperature 

=940 X JL=940X ^15222=1,000,000 inch-pounds, or the stress 

I 40 k 12 

in the extreme flbre8=l,000,000-J-17700=56 pounds per square 
inch. 

The value of dH-c/3 was obtained in the following way: 
The weight of the pavement was assumed=100 pounds per 
square foot, the weight of the reinforced concrete bridge 
floor including columns =100 pounds per square foot, half the 
live load=50 pounds, the weight of the ribs including slab 
for a width of six feet=1536 pounds; hence d=1536+6X250 
=3036 pounds. We assume that only the rib of a clear depth 
of 40" increases to a clear depth of 60" at the abutment, or 
the increases of weight at the abutment=20X 24=480 pounds 
(one square inch of concrete one foot long weighs one pound), 
or c/3=160 pounds or d4-c/3=3196 pounds. 

The thrust at the abutment =730,000 pounds and the result- 
ant of the thrust and the weight of the earth on the base 
of the abutment of a width of 6' (=1, 400,000 pounds) = 
1, 900,000 pounds and intersects the base (length of base 
=40') 2' — 3" from its center. The component under right 
angle to the base=l, 880,000 pounds and the moment about 
the center of base=l,880,000X2.25 and this must be equal 

to S X 6 X — — or the stress in the extreme edges of the base 

6 
S=2670 pounds per square foot. The direct compressive 

stress=l, 880,000 : 6X40=:7850 pounds per square foot or 
the combined stresses as given in diagram in Figure 77 are 
10520 and 5180 pounds per square foot, respectively. If 
the earth pressure is considered, the moment about the center 
of the base can be found graphically=700,000 foot-pounda 
per lineal foot, or the stresses in the extreme edges of the 
base 2650 pounds per square foot. These stresses are in 
opposite direction of those of thrust, therefore we would 
have in this case a compression of 7970 pounds per square 
foot on the water side and a compression of 7830 at the land 
'ide of the abutment. 
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The abutment does not need to be solid, and may be de- 
signed similar to retaining walls with counterforts, a counter- 
fort at each rib. We have yet to figure the floor construc- 
tion, which carries the pavement. The columns supporting 
this floor are spaced 6* c. c. in transverse direction and 10' 
to 15' in longitudinal direction. For a 12-ton wagon and a 
longitudinal spacing of columns of 10', we need No. 12 
girders in both directions and a 5" slab, reinforced by 0.2 
square inches per lineal foot in transverse direction and by 
0.15 square inches in longitudinal direction, requiring an 
average of 0.566 cubic feet of concrete and 3.39 pounds of 
steel per square foot. For a spacing of columns of 15', we 
need No. 16 girders in longitudinal direction, while slab and 
cross girders may be the same as above, requiring 0.548 cubic 
feet of concrete and 4.15 pounds of steel per square foot. 

For a 24-ton wagon and a spacing of 10' of the columns 
we need No. 15 and No. 12 girders in longitudinal and trans- 
verse direction, respectively, and a 5" slab, reinforced by 
0.36 and 0.15 square inches of steel per lineal foot, requir- 
ing 0.566 cubic feet of concrete and 4.87 pounds of steel per 
square foot. For a spacing of 15' feet we can use the same 
slab and cross girders, but the longitudinal girders must be 
No. 25, requiring 0.566 cubic feet of concrete, 5.25 pounds 
of steel per square foot. 

The supporting columns have to carry an area of only 
60 to 90 square feet and a load not exceeding 25000 to 30000 
pounds, hence 10", or at the utmost 12", square columns, 
reinforced by four %" round bars, are amply strong. 

The table on page 169 gives the property of arch ribs with- 
out connecting slab, and the use of such ribs is of importance 
where the traffic of the bridge is light, as for example in 
public parks, and where the foundations for the abutments 
would prove too expensive for a heavy bridge. 

For an example we shall assume that we have to design 
a bridge of 150' span, 40' foot rise and a width of 12'. After 
a short trial we find that two arched ribs 14"xl4", 6' c. c, 
reinforced by 1% of steel both at the top and the bottom 
will answer. The bridge will have a granitoid finish, an( 
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the weight of floor construction will not exceed 80 pounds 
per square foot. In this case dH-c/3=6X 80+6x50+14x14 
+44=1080 pounds per lineal foot of rib and the thrust 

=1080 X ^^^ =76000 pounds and the greatest moment from 
8x40 

a uniform load=600X i^^= 135,000 foot-pounds. The area 

100 
of the rib=255 square inches and the moment of resistance 

=711 inch*, and the direct compressive stress 76000-4-255= 
297 pounds and the stress in the extreme fibres from the 
bending moment=135,000X 12-4-711 =228 pounds per square 
inch, giving a maximum stress of 525 pounds. The ribs 
should be connected by three stiffeners about 14"xl4" at 
each ^ point of the arch. In the entire bridge, inclusive of 
floor construction, are 2000 cubic feet of concrete and 12500 
pounds of steel. 

Form Lumber: The amount of lumber required for the 
form work of a solid arch or a ribbed arch with slab (ex- 
clusive of the lumber for the reinforced concrete floor carry- 
ing the pavement) varies from 4 to 6 feet B. M. per square 
foot of bridge for the intrados, and from 0.1 to 0.25 feet 
B. M. times the area in square feet between the intrados and 
the bed of the stream or ravine, for the supports and brac- 
ing, for each lineal foot of the width of the bridge. 
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PBOPEBTIES OF ABCH RINGS, 12'' WIDE AND BE- 
INFOBCED BY 1/4% AND 1/2% AT TOP AND BOTTOM. 
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Up to 23" it was assumed that the center of reinforcement 
is 1^4" from each face and ly/' for the thicker slabs. 

The area, moment of inertia and moment of resistance of 
the composite section was found by assuming E steel : E con- 
crete=15. 
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PB0PEBTIE8 OF ABOH SIB8 WITH OONNEOTINa 
SLAB, FOB A WIDTH OF SIX FEET. 
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* Denotes that the section is as Figure No. 79 
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PBOPEBTIES OF ABCH BIBS WITHOUT CONNECTING 
SLABS. 
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In the rib8 up to 20"x30" the distance of the center of re 
inforcement to each face was assumed=^"; in the ribs be 
low that, 2". 
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13800 


.25 
13000 


.208 
11700 


.167 
10400 


.125 


TpirLii.FtWkllh... 
^ll..FtWI«fc 


9150 


2600 


2600 


2600 


2600 


2600 


2600 


2600 


2600 


2600 


|2 

10lhp-pirUi.Ftil 


6250 


5200 


4450 


3900 


3460 


3120 


2600 


2080 


ir>(50 


llfrMl2TiiWi|N.. 
TfrMl2TNW«N.. 
llfrM24TiiWi|n.. 
TfrM24TiiWipi.. 
g6fFirliif.LMl. 
■^iF«12tiiW« 
(Fw24tNWipi 


3760 
2000 
7520 
4000 

r 

8" 
10'' 


3760 
1670 
7520 
3340 


3760 
1430 
7520 
2860 


3760 
1250 
7520 
2500 


3760 
1110 
7520 
2220 

r 
r 


3760 
1000 
7520 
2000 


3760 

836 

7520 

1672 


3760 

666 

7520 

1332 


3760 

500 

7520 

1000 

6" 

r 
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DESIGN 


OF 


SOLID ABCH 


BRIDGES 


. 




SPIN 


USCMFEn 


60* 


6' 


r 


8' 


9' 


10' 


12' 


15' 


20' 


25' 


l-r-f 


.46 
28200 


.392 
26100 


.345 
23700 


.30S 
21300 


.275 
20000 


.230 
17900 


.183 
16800 


.1375 
13700 


.110 


T NT Ul Ft WMII... 


12600 


^^lta.FtW«iii 


3600 


3600 


3600 


3600 


3600 


3600 


3600 


3600 


3600 


in^HrULFLWl 


9000 


6400 


5600 


5000 


4500 


3750 


3000 


2250 


1800 


lllrta12TNWapi.. 
TfrMl2TNWaflN.. 
llfrM24TNWapi.. 
TfrM24TNWa|N.. 
SS^Firliif.Uatf.. 
|£{FtPl2tiiWapi 
i=«iFw24tNWi|N 


5020 

2240 

10040 

4480 

8" 

9" 
12" 


5020 

1920 

10040 

3840 


6020 

1680 

10040 

3360 


5020 

1500 

10040 

3000 


5020 

1350 

10040 

2700 


6020 
1120 
10040 
2240 
8" 
9" 
II" 


6020 

895 

10040 

1790 


5020 

672 

10040 

1354 


5020 

538 

10040 

1076 
7" 
8" 

II" 


70' 


V 


8' 


9' 


10' 


11' 


12' 


15' 


20' 


30' 


i-^-f 


.40 
34600 


.35 
31600 


.311 
29200 


,28 
27400 


.254 
26700 


.^33 
24500 


.187 
21700 


.140 
18800 


.093 


Tpir LlLaWlilh... 


16800 


^HrUi-FtWIill 


4900 


4900 


4900 


4900 


4900 


4900 


4900 


4900 


4900 


1M-g'^^Hrlta.ail 


8800 


7700 


6800 


6150 


5560 


5100 


4100 


3070 


2050 


NfnaUTNffapi.. 
TfrnniNWaflN.. 
Nlria24TNWipi.. 
TfrM24TNWipi.. 
gsfFirlitf.Liai.. 
2£{F«12tNWigii 
S« (F«24tNWipi 


6300 
2400 
12600 
4800 
10" 
11" 
13" 


6300 

2100 

12600 

4200 


8300 

1870 

12600 

3740 


6300 

1680 

12600 

3360 


6300 

1530 

12600 

3060 


6300 
1400 
12600 
2800 
9" 
10" 
12" 


6300 

1120 

12600 

2240 


6300 

840 

12600 

1680 


6300 

560 

12600 

1120 
8" 
9" 

12" 


80' 


8' 


9' 


10' 


11' 


12' 


13' 


15' 


20' 


30' 


,„j f 


.388 
44600 


.344 
40900 


.310 
38100 


•281 
36800 


.258 
34000 


.239 
32400 


.207 
29800 


.156 
26800 


.104 


TptrULFtWhM... 
^jPWUiLFtfWfc 


21600 


6400 


6400 


6400 


6400 


6400 


6400 


6400 


6400 


6400 


i»-i^ita.aii 


10000 


8900 


8000 


7250 


6670 


6150 




4000 


2670 


NfrMl2TNWaflN.. 
TfrMl2TNWafN.. 
NfrM24TNWaflN.. 
TfrM24TnWafN.. 
8e[F«liir.Ual 
i£iFfr12tMWapi 
S«(FM4tMWapi 


7700 
2560 
15400 
5120 
II" 
12" 
15" 


7700 

2280 

15400 

4560 


7700 

2050 

15400 

4100 


7700 

1860 

15400 

3720 


7700 

1710 

15400 

3420 


7700 

1580 

15400 

3160 


137C 
15400 
2740 
10" 
II" 
14" 


7700 

1030 

15400 

2060 


7700 
68,5 
15400 
1370 
10" 
II" 
14" 
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182 MENSCH, THE BEINFOECED 

STRESSES IN SOLID ASCH BBIDGES. 



SpaiiFMt 


liliniLNiaN12T«ff«M 


24T«WaiM 


90' 


FmIUs. 


TknBtfiralistiiFNl 


FmIUs. 


TknstfiralistliFMt 


9' 


15' 


30' 


9' 


15' 


30' 


IkWoMssatCrm... 
CMprissifi Stress... 
SlressfrMliiri.M. 


8100 


53500 

13" 

297 

214 

53 


38700 

12 

235 

263 

32 


27800 

II 

184 

318 

15 


17800 


53000 

16 

240 

315 

70 


38400 

16 

186 

362 

40 


27700 

14 

144 

420 
19 


100' 




10' 


20' 


35' 




10' 


20' 


35' 


TlictaMnatCrami... 
CMpressifi Stress... 
StrassfrMl«ri.ll. 
TMpwatvi Stress... 


10000 


63400 

IB" 

307 

203 

59 


42100 

13 

234 

265 

25 


33000 

12 

200 

325 

14 


20400 


62600 

17 

267 

318 

67 


41700 

16 

189 

360 

32 


32800 

15 

159 

418 

17 


110' 




10' 


20' 


35' 




10' 


20» 


35' 


ThieknssitCrewi... 
Cwi^issiTf Stress. . . 
StrissfrMliiri.M. 
Tiapritire Stress... 


12100 


78000 
17" 
333 

187 
67 


51900 

IB 

250 

245 

30 


40300 

13 

225 

320 

14 


23000 


76500 

19 

293 

287 
76 


51200 

17 

220 

358 
34 


39400 

16 

178 

407 

IS 


120' 




10' 


20' 


35' 




10' 


20' 


35' 


TlicfciissttCrewi... 
CnvressiTi Stress... 
StressfraHBiiri.M. 
TMpwatvi Stress... 


14400 


100000 

19" 

383 

179 

75 


65000 

18 

262 

200 

36 


50000 

17 

214 

225 

20 


26000 


98000 

21 

338 

263 

83 


64000 

20 

233 

291 

40 


49000 

18 

198 

361 

21 


130' 




13' 


25' 


40' 




13' 


25' 


40' 


TUckMSsttCrnn... 
CtiNrassivt Stress... 
StrenfrMlnd'cM. 
TMfiritwt Stress... 


16900 


103000 

20" 

375 

189 

57 


70000 

> 19 

268 

210 

31 


57100 

18 

230 

235 

18 


28200 


101000 

22 

333 

260 

67 


69000 

21 

238 

285 

33 


56500 

19 

216 

350 

19 



The stresses are in pounds per square inch. 
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STRESSES IN SOLID AECH BBmGES. 



SpaiiFtit 


MsmlNiaNIITMffvM 


24T«ff«M 


140» 


FnTlIs. 


TIrastfiralisiiiFiit 


MmmS 

FntLls. 


TkrastfirallsiliFNl 


14' 


25' 


40' 


14' 


25' 


40' 


TMrtwmtCrm... 
topiiiiviSlnss... 
StrassfrMliiri.i. 
TwmMwiarw... 


19600 


116000 

22" 

382 

180 

63 


85700 

20 

311 

218 

32 


67000 

20 

243 

218 

20 


31100 


114000 

24 

345 

237 

68 


84100 

23 

26(> 

260 

37 


66000 

21 

227 

314 

21 


150» 




15' 


25' 


40' 




15' 


25' 


40' 


TUduMSsatCrm... 
CMprtsdraams... 
SlrmfrMliiri.M. 


22500 


102000 
22" 

335 
206 

58 


61700 

19 

236 

280 

30 


38350 
18 

156 
315 

18 


3:^500 


97000 

24 

292 

255 

m 


58300 

20 

191 

307 

26 


36200 

19 

138 

415 

19 


160* 




16' 


25' 


40' 




16' 


25' 


40' 


IMckMssHCrm... 
CiBpresdYi Sriss. . . 
Strissfrwl«ri.M. 
TmipwilviSlms... 


25600 


116000 

23" 

365 

213 

57 


74000 

20 

2()8 

286 

32 


46700 

19 

179 

319 

19 


36500 


110000 

25 

320 

256 

59 


70000 

22 

231 

;i35 

35 


44100 
20 

160 

40(> 

20 


170» 




17' 


30' 


45' 




17' 


30' 


45' 


TMckMssitCrtwi... 
enpntdfiSlms... 
SlrisfrMl«ri.M. 
TnpmlvtStmi... 


28900 


130000 

24" 

393 

198 

50 


73500 

21 

254 

291 

28 


49000 

20 

177 

323 

18 


39000 


123000 

26 

343 

253 

61 


70000 

22 

231 

357 

29 


46500 

21 

160 

393 

19 


180' 




18' 


30' 


45' 




18' 


30' 


45' 


TMctontitCftw... 
fiMpmlvi Stress... 
Slms»ial«ri.M. 
T«pirittre Stress... 


32400 


143000 

27" 

385 

194 

53 


86000 
22 

284 

296 

29 


57600 

21 

199 

326 

19 


42000 


135000 

30 

326 

203 

66 


81500 

24 

246 

324 

32 


54500 
22 

180 

3a^ 

2 



The stresses are in pounds per square inch. 



184 



MENSCH. THE EEINFOBCED 




02 



05 

be 



< 









c 



a 

e3 



•Sd 
o 






OONCRETE POCKBT BOOK. 



185 




UIIK 



• ■•'"■■a ' ■■' 

— _ _^_— ^— ^_- ^ 

— ZIZZZZZZZ ! • 

■ I __^____^____ • - 

■'■■'.■■.': '' : 



;^ 






o 






^ ■ 



^ 
^ 

s 





ex. 

02 



OS 









bD 



186 MEXSCH, THE REINFORCED 

aiRDEB BRIDGES. 

Reinforced concrete girder bridges are, as a role, cheaper 
tlien arched bridges for the spans given in table on page 187. 

We assume that the girders are six feet center to center. 
The thickness of the floor slab is governed by the requirement 
of the necessary flange area for the girders. 

We gave in the first three lines of the table the equivalent 
uniform load which produces the same moment as a 20-ton 
steam roller, a 24-ton and 12-ton wagon, and as can be seen a 
20-ton roller is more unfavorable than a 24-ton wagon. For 
the larger spans this equivalent load is not much greater than 
600 pounds, which is the load from a crowd of people per 
lineal foot of 6' width. 

All the dimensions are clearly given in the table. The longi- 
tudinal reinforcement of the slab was assumed Mr%> in order 
to prevent cracks. 

By connecting the main girders by one or two stiflfening 
girders, the load is distributed over practically all girders in 
the bridge, and we can safely figure a capacity of the bridge 
from 25 to 40% greater than given in the table. These 
stiffening girders should be only a few inches less in depth than 
the main girders, 8" to 12" wide, and reinforced by %% at 
top and at the bottom. 

The abutments can be made similar to the retaining walls 
given in pages 112-117, with the difference that the heel does 
not need to be as wide, on account of the additional weight of 
the bridge^on the base, and that pilasters must be provided to 
olfer a bearing to the bridge girders. This bearing should not 
be less than 12" deep, and be better 18 to 24" deep in the 
larger spans. 

The sidewalks are generally in cantilever of a length of 2'-6" 
to 3'-0", 

If the bridge girders are continuous, a reduction of about 20 
to 25% can be made for the moment in the center, but the top 
of the beams must be heavily reinforced over the supports for 
the negative moments. 
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FBAMED STBUCTUBES. 

The monolithic character of reinforced concrete construction 
piites the various members of construction to such an extent 
bit the deflection in one member affects the deflection in a 
lore or less degree in all other members. 

The stresses become indeterminate, and can only be exactly 
sound in the simplest cases. 

i Figure 81 represents a girder of the span 1 and the moment 
lof inertia Ti, connected to two uprights of the height h and 
the moment of inertia I, and loaded by a uniform load p per 
lineal foot. Figure 82 represents the same structure, with no 
load on the girder, but affected by a triangular load, such as 
earth pressure, at the supports. Figure 83 represents the same 
structure acted upon by wind pressure on one side only. 

_-h_ Ii 
1 "F 

eally indeterminate value of Ma and T for uniform load and a 
concentrated load P in the center are given for Figures 81 by 
the formulae: 



Let n: 



then by the theory of least work, the stati- 



pP 



1 



Ma= 



■ 8h 1 -f in 
pl2 1 



12 1-finJ 



for uni- 
form load 



T=A 



PI 1 



l+in 
1 



M^=ATrr+iK 



for a concen- 
trated load 



for Figure 82, when E= -H-h^ ^ 



T=Exix 



1+An. 



1+ in 

Ma=Ex-Ahxi-tM!l, 
1-f in 



for Figure 83, when p the pressure per lineal foot of support, 
the indeterminate values can be found by the equations, 

Th(l+Jn)-?^(l+n)+^(l+n)=Jph«(l-Hin) 



_^(H-n) + M5(H-3n)- 

Jt i) 



Mb 



= -iph«(14-in) 



^(1-t-n)— ^+M^(14-3n)=AphMl+«n) 
2 o o 
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T^gure 84 represents a roof girder of the moment of inertia of 
Ii , supported by two columns. 

T^e> indeterminate values of T and Ma can be found by 
solving the equations, 

-Mad-fi^ + n Th(l+i^+4!j^'-fSn) = B^(l + «i^) 

+ Ma (l+2n)— Th (1+ I ^ +n)=— E^ when n= A^ 
^ h 12 11 

Xeos. k. 

Figure 85 represents a parabolic roof girder on two sunports. 
T and Ma may be found by solving, 

Th(l+|J;L+A^ + §n)-Ma(l + 3-^+n)=.E!i(l + ti^) 
h h-* h 12 n 

Ma (l+2fl)— Th (1 + f J}l+n)=— Eli 
n 1!: 

The case represented by Figures 81 and 82 is encountered in 
all culverts and also in girder bridges, when the girders are 
monolithically connected with the abutments. 

As an example we shall figure the shed construction as shown 
in Figure 86. 

hi=14.75', h-:28.', 1=80', Ii=18x^, I=18x^ 

and -— L =0.51, n=0.1095, and the two equations are 

— Ma(l+0.255-f0.1095)+Th(l-f0.255-f-0.0867-f-0.0735)= 

£^(1+0.319) 

Ma(l-f 0.2190)— Th(l+0.255-f 0.1095)== 

or Ma=0.0175pP and Th=0.0738pP. 

p, we assume =2000 pounds per lineal foot, and pl*=12,800,000 
and Ma=224,000 foot-pounds and Th=945,000 foot-pounds, or 
the moment at 0=945,000—224,000=721,000 foot-pounds. 

The moment at the center of the roof girder= 2000x80^ ^ 



pi 2 



8 



224000— ?i52!^ ( h + hi ) =396000 foot-pounds, 
h 
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The wind stresses can be found, approximately, by using the 
equations given for Figure 83, which become in this case, 
1.073 Th— 0.55475 Ma+0.55475 Mb=0.800175 ph=^ 
0.55475 Th+0.4428 Ma— 0.16667 Mb=— 0.35158 ph- 
0.55475 T' —0.16667 Ma-f 0.4428 Mb=0.471417 ph' 
or Th=0.797 ph*, Ma=0.269 ph^ Mb=0.164 ph*. 

Assuming the ribs to be 16' c.c, and the wind pre8sure==20 
pounds per square foot, p=320 and ph^'=253,000. 
or Th=202,000 foot-pounds, Ma=68000 foot-pounds, Mb= 
41500 foot-pounds. 

The thrust at the point B=ph — 0.797 ph=0.203 ph=1800 
pounds. 

This moment Ma and thrust T have the tendency to diminish 
the stresses on the wind side, while the stresses at the lee side 
are increased. 

The greatest moment at the base is at B=224,000 +41500= 
265,500 foot-pounds, and the greatest moment at C=721,000 — 

202,000+68000-1-320 X ?^ =712,000 foot-pounds, while at F 

the moment=721,000+1800x28— 41500=730,000 foot-pounds. 
The rib at F is 18" wide and 65" deep, or the eoeffieient= 

MnAA/v -—1 25^ corresponding to a percentage of 1.06, or 12.5 
1.5x652 

square inches of steel. If the slab in the center of roof is 
omitted for the purpose of a lantern, we have to place in the 
eenter of the roof girder ten square inches of reinforcement, 
otherwise six square inches will suffice. 

At the base the rib is 50" wide, and we have to place 4.5 
Square inches of reinforcement at the inside face of the rib. 

The footing of the ribs must be designed to take up the 
iDoment of 265,500 foot-pounds and the vertical load from the 
^rueture. Only compressive stresses can be produced on the 
|round and the vertical load must be large enough to prevent 
Jiding of the base from the thrust action. The vertical load 
It the base = 2000 X 82.8 + weight of reinforced concrete wall 
15" thick) between the ribs and the weight of footing and dirt 
kove it = 137,000 pounds. 
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Assuming the footing to be 6' wide and 12' long (in trans- 
verse direction of the shed), we have 265,500=S6xz±_ or the 
compressive stresses at the edges 8=1840 pounds per square 
foot and the direct compressive stresses= ^^^^^=1905 pounds 

per square foot, or 3745 and 65 pounds are the compressive 
stresses at the edges of the base. 

For another example we will assume a culvert of 8' 
span' and a height of 8'; floor and wall we assume of 
the same thickness, and as span and height are the same 
n=l. For a uniform load of 1000 pounds per square foot 

T=1000X — ^ =667 pounds per lineal foot, and 

8x81 -Hi 

Ma=1000X ——1— =1780 foot-pounds, or the moment 
24 1+i ^ 

at C=— 667X8+1780=— 3553 foot-pounds, and in the center 

of the span at D=1000 X— —3553=4447 foot-pounds. 

Assuming the earth pressure =360 pounds per lineal foot, 

T=360X tx li-^=276 pounds per lineal foot, and 
I ~h z 

Ma=360X tV x 8iii4 =610 foot-pounds,, 

the moment at C=— 276X8+610— 360X5=— 3398 foot- 
pounds approximately, and moment at D=3398 foot-pounds; 
hence the maximum moment at C=: — 3553 — 3398= — 6951 
foot-pounds. 

The favorable influence of the earth pressure at D should! 
not be taken as the full 3398 foot-pounds, but ^ of it is 
certainly safe; and the moment at D=3447 — 1694=2753] 
foot-pounds. Assuming a thickness of wall and slab of 9'1 
the reinforcement at D should be ^^4% and at C=%%. 
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BETNTOBCED CONCBETE CHIMNETS. 

The wind pressure assumed in the calculation of the 
chimneys in the table8=:30 pounds per square foot of pro- 
jected area of the chimney, which is equivalent to about 50 
pounds per square foot on a flat surface. Let d=the out- 
side diameter in feet and H=the height of the chimney in 
feet the moment about the base of the chimney^l5 d H' 
foot-pounds. 

The moment of resistance of a ring section, reinforced 
by p per cent of steel is very elo8ely= 

-^ I)2t(l— 3A)+A1^ Dptxl5= 

^ D2t j 1—3^+ 15p| in inchs, 

when T> outside diameter in inches, 
and t thickness of ring in inches. 

The stresses from the bending moment plus the direct com- 
pressive stresses from the weight of the chimney should not 
exceed 500 pounds per square inch. We assumed that the 
concrete does not take up any tensile stresses, and that the 
steel must take care of all tensile stresses. 

The size of the footing is governed by the condition that 
there should exist only compressive stresses on the base (or 
as it is commonly said, that the resultant of weight and wind 
pressure intersects the base within the middle third, and to 
accomplish this it is necessary to place the footing at certain 
iepth below the ground in order to obtain the benefit of 
he weight of the fill above the base. The lower portion 
f the chimney is generally provided with an inside shell 
f concrete, brick or fire-brick, 4" thick, and an air space 
f 4" is provided between the two shells. This is the reason 
rhy the lower shell has an inside diameter 16" larger than 
tie upper shell. We assumed the height of the inner shell 
0' for chimneys 5' in diameter, 50' for chimneys 6' in 
iametcr, and 60' for all other chimneys. 
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BEINPOBOED CONCBETE CHIMNEYS. 
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The tables gives the thickness of the lower and upper 
shell in inches, the percentage of longitudinal reinforcement 
at the base and at the top of lower shell, which top reinforce- 
ment should extend into the upper shell. As minimum longi- 
tudinal reinforcement we assumed 0.35%, and the figures in 
the sixth line give the height from the top of the chimney 
down to which this minimum reinforcement may be used. 
The side of the square footing and its depth at the center 
is given in the next two lines, and the depth of the footing 
below the ground is given in the next line. The sectional 
area of the bottom reinforcement in the footing is given by 
0.015 times the side of footing in feet by depth of footing in 
inches; part of which reinforcement may be obtained by 
bending the steel rods from the lower shell into the lower 
part of the footing. The reinforcement in the upper portion 
of the footing may be assumed as half that of the lower 
reinforcement. The volume of the concrete in cubic feet in 
the footings is approximately =1/20 times square of side in 
feet times depth in inches. The quantities of concrete and 
steel in the entire chimney are given in the last two lines. 
The concrete mixture in the footings should be 1:6, in the 
shells of the chimney 1:5. A wet mixture of concrete and 
small gravel, rather than crushed rock, should be used for the 
shells. 

For example: A chimney 13' 0" inside diameter and 180' 
high, has a lower shell of 10" thickness and an upper shell 
of 6" thickness. The reinforcement at the bottom of the 
lower shell is 1%, or 10"Xl2"XTiTr=l-2 square inches per 
lineal foot circumference, or 1" round bars TV/' c. c. The 
reinforcement at the top of the lower shell is 0.6%, or 0.72 
square inches per lineal foot, or 1" rods 13" c. c. This latter 
reinforcement projects into the upper shell. The reinforce- 
ment at the top of the upper shell=0.35%=6Xl2 ^:^=0.25 

square inches or %" round bars 14" c. c. This minimum re- 
inforcement may be adopted for a height of 80' feet down, 
and then must be gradually increased till it reaches the 
value of 0.72 square inches at the junction of both shells 
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The lap of the rods should not be less than 50 diameters^ 
and they should be staggered. The base is 30' square and 
68" deep at the center and can be made 12" deep at the 
edges. The reinforcement in each of the two main directions 
=0.015X30X68=30.5 square inches, or about thirty-nine 1" 
round bars in each direction. The base of the footing must 
be 7' below the ground, and in the entire chimney are 8075 
cubic feet of concrete and 35250 pounds of steel. 

The circular reinforcement of the chimneys was assumed 
=^%, or 0.24 and 0.18 square inches per lineal foot in the 
8" and 6" shells, respectively. 

The compression per square foot on the ground was 
assumed less than twice of the weight of dirt above the 
bottom of the base. 
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TROLLEY AND TRANSMISSION POLES. 

Reinforced concrete poles deserve more serious considera- 
tion on the part of users of poles than is at present given to 
them. The cost of replacing a wooden pole is generally 
higher than the original cost of concrete poles. 

An ordinary wooden pole, as used for telephone and tele- 
graph wires, ordinarily fails under a pull not much above 
1000 pounds at the cross-arm, either by breaking or more 
generally by pulling out of the ground. 

We recommend a factor of safety of two, or maximum 
tliree, for reinforced concrete poles. 

Example: On a pole is exerted, at a height of 20' above 
the ground, a force of 1000 pounds. The moment at the 
ground line = 1000 X 20 X 12 = 240,000 foot-pounds. Experi- 
ments made by the writer and others indicate that the ulti- 
mate bending moment=2000X moment of resistance. For a 
factor of safety of two we require for above pole a moment 
of resistance =2X240,000-^-2000=240, or, according to table 
on page 205, a pole of a side of 11" at the ground line re- 
inforced by four %" bars will suffice. 

The side of the pole at the top should be made about ^ 
of that at the base. The writer's experiments demonstrate 
that the deflection of poles, when figured for a factor of 

safety of two=0.5 ~_ inches, when L the leverage in feet 

and I the moment of inertia in inch*, and for a pull of 1000 
pounds. In our case the deflection=0.5X 8000-4-1335=3.0 
inches. This pole contains, if we assume a length of 27 feet, 
lo.l cubic feet of concrete and 113 pounds of steel. 

The anchorage is considerably increased by imbedding in 
the ground short pieces of concrete beamis about 15" to 18" 
below the ground line. For important lines it will always 
pay to test the anchorage for the various soils encountered. 
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TBOLLET AND TBANSMISSION POLES. 
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The black figures denote the moment of resistance in inch^ 
The figures to the left, the moment of inertia in inch*. 
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LABOB 008T OF BBINFOBCED CONCRETE WORK. 

The cost of material, delivered at the site, can be obtained 
without great difficulty. 

A 1:6 concrete mixture requires per yard of finished con- 
crete 1% barrels of cement, 0.9 yards of rock and 0.45 yards 
of sand. A 1:7^ mixture requires 1^ barrels of cement 
and 0.95 and 0.48 yards of rock and sand, respectively; and 
a 1:9 mixture requires one barrel cement and one yard of 
rock and ^ yard of sand. 

The prices of the materials must be figured unlojided at 
the mixer. Unloading from railroad cars at the mixer costs 
generally two to three cents per barrel of cement, 15 cents 
per yard of rock and 10 cents per yard of sand. 

The labor hours per cubic yard of concrete for mixing, 
hoisting, wheeling and tamping varies from 1^^ for a well- 
proven, well-designed new plant, using bins or steel carts 
for filling the mixer, an elevated water tank, first-class 
hoisting bucket, well-designed hoppers, and carts or steel 
cars for transporting the concrete, to two hours for an old 
plant with less favorable conditions of loading the mixer. 

To obtain this low cost, at least 45 batches an hour must 
be run through a mixer of nominal % yard capacity, which, 
however, does not make more than 10 cubic feet of concrete 
for a 1:6 mixture, when a batch consists of two bags of 
cement, 4 cubic feet of sand and 8 cubic feet of rock. 

For the average plant it requires 4 labor hours for each i 
. cubic yard of concrete, including average stoppages on 
account of breakdowns, etc. Only in exceptional cases it 
takes six to eight labor hours per yard of concrete, even 
where hand mixing is resorted to, and where the concrete is 
hoisted by crude means. I 

The installation of the plant (not including the cost of 
mixer, hoisting engine, etc.) cost from 20 to 60 cents per 
ard. 



CONCRETE POCKET BOOK. 207 

Steel Labor: The average labor hours per ton of steel is 
24, and should in no case exceed 36. Under very favorable 
conditions they may be as low as 10. Under good manage- 
ment three men will bend 30 to 35 high-carbon bars into a hog 
chain form in one hour, on a well-built bench, using two 
extra heavy gas-pipes for a lever. 

One man can make at least 200 stirrups, as shown in 
Figure 2, in one hour. 

Carpenter Work: The taking down of the forms and the 
removing of the lumber from the floor takes from 10 to 20 
labor hours per 1000 feet B. M. 

For the erection of the forms it takes, under the best 
management, not less than 20 carpenter and 10 labor hours 
per 1000 feet B. M., and these hours may increase in a badly 
designed structure and under correspondingly bad manage- 
ment to 80 carpenter hours and 20 labor hours. 

Brackets and a great variety of beams and spacing of 
beams increase the form labor very rapidly, as well as high 
ceilings. 

Nails: It takes about 6 to 8 pounds of nails per 1000 feet 
B. M. 

After the rough work is completed, the patching, cleaning 
ip, the finishing of floors, stairs, walls and of sundry minor 
letails, which were omitted when buUding the main structure, 
he carting away of all debris, lumber, dismantling of plant, 
Jtc, cost often from 10 to 50% of that of the main work. 

Water: It requires in the average 80 to 150 gallons of 
vater per cubic yard of concrete, which includes the water 
'or mixing, wetting of the forms, sprinkling the concrete, 
»tc. In many cities a charge of 5 to 10c per cubic yard of 
toncrete is made for the water. 



208 MENSCH, THE REINFORCED 

OENEBAL SPE0IFI0ATION8 FOB BEIKFOBCED CONCBETS 
WOBK. 

The contractor shall have at least three years' experience in re- 
inforced concrete construction, and shall mention in his propositions 
five of the most important reinforced concrete structures which -w^ere 
built under his direction. If he expects to give the direction of the 
work to one of his employees, he shall bring verified testimonials that 
his foreman has at least three years' experience in this line. 

The execution of the work will be supervised, on behalf of the 
owner, by a competent engineer, having at least three years' experience 
ih reinforced concrete and ten years' experience in building constmc* 
tion, and his decisions in all doubtful points must be followed. If the 
contractor is convinced that the decisions of the engineer are wrong 
and would cause him serious injury, he shall have the right to ask 
from the engineer a written statement of his decision and its causes, 
and to have samples and photos certified, and if it should be decided 
by a competent board of arbitration that the engineer was wrong, the 
contractor will be paid the actual extra cost plus 15%. 

MATEBIALS. 

The cement shall meet the requirements of the specifications of the 
American Society of Oivil Engineers. 

One bag containing 94 pounds of cement shall be assumed=l cubic 
foot. 

At least one week's supply of cement shall be stored in a shed at 
the building site, and each carload of cement shall be accompanied by 
a certified test from the mill, stating the probable age of the cement, 
and shall also be tested by a competent laboratory selected by the 
owner. 

AOGBEOATE8. 

As sand, shall be classified all materials, either natural sand or 
finely crushed rock passing a sieve of %" holes. The sand shall be 
obtained from (state pits), and shall be free from vegetable and other 
deleterious matters, especially lumps of clay. 

The use of sand having grains of 1/64'' diameter or smaller, to the 
extent of 50%, is absolutely prohibited. Where there is a possibility 
of choice, a sand containing about 30% of fine material and 70% of 
material about four times coarser is best to use, if the expense of 
obtaining such a sand is not prohibitive. 

The crushed rock or gravel shall be clean, hard, durable and free 
from all deleterious matters, especially lumps of clay. 

The particles shall pass a one-inch ring for all column girders, floori 
slabs less than 5" thick and walls less than 8" thick; and shall pass! 
a two-inch ring for ordinary footings, thick floor slabs and walls less 
than 8' thick. For very heavy foundations and walls, stones up toi 
6" diameter, or sometimes even larger stones, may be imbedded toi 
the extent of 50% of the aggregate. 

The presence of 2% (in weight) of finely divided clay in the aggre- 
gate shall be permitted; a larger percentage will be rejected. 

The stone need not be screened, if the percentage of stone screenn 
ings does not exceed ten. Also here about 30% of finer material an^ 
70% of material four times larger gives the best results. i 

WATEB. 

The water shall be free from oil, acids, strong alkalies, or other 
wa?irS«?JSSt-®"- • The contractor shall provide an ample system ol 
\« «r>H«VK^^*^°A *" **''^^' y* facilitate the cleaning of forms, ant 
ne sprinkling of new concrete. •■**« 
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STEEL. 

The steel shall conform to the manufacturer's standard specifica- 
tions. High-carbon steel shall have an ultimate strength of 90,000 
pounds T>er square inch and a yield point of at least 50,000 pounds. 
These rods shall bend cold around a radius equal three times their 
diameter to an agle of 90° without breaking. Cold twisted steel rods 
shftll have a yield point of 50,000 pounds and an ultimate strength 
of about 85,000 pounds per square inch. 

Should, in case of contingency, the contractor be compelled to use 
mild steel rods in lieu of high -carbon bars, he shall increase the 
sectional area in slabs by 10% and in girders by 20%; in columns, 
either mild steel or high-carbon rods may be used. 

MIXINO AND PLACING OF CONCBETE 

The concrete shall be mixed in the proportion of one cubic foot of 
cement to about six feet of aggregates, sand and stone being meas- 
ured separately. As a rule, the proportion of sand to stone shall be 
1:2, and the exact proportion shall be found before starting concreting 
by making a small test beam. A ^ood concrete worker can tell whether 
the concrete allows of easy tamping and runs freely around the steel 
rods. Should there be any dispute in regard to the quantities of aggre- 
gate to be used for each bag of cement, it shall be decided by a test, 
and the meaning of this specification is fulfilled when 1.45 barrels of 
cement are contained per cubic yard of finished concrete. If the en- 
gineer insists on more cement, the contractor shall be paid cost and 
Wo extra. 

The materials shall be measured in a uniform manner, in wheel- 
barrows or otherwise, so that the quantities can be easily controlled 
by the workmen and engineer. 

The mixing shall be done in a concrete batch mixer of sufficient 
rapacity, and the materials, including water, shall turn in the mixer 
not less than % minute. Hand mixing on a tight platform shall only 
be resorted to for unimportant work, and the materials shall be turned 
over at least four times until they are homogeneous in color and con- 
Bistency. The concrete should be mixed wet enough to flow freely 
iround the reinforcement and to fill out all the corners in the forms. 
Great care is to be taken that there is not too much water used, 
thereby causing a separation of motar and of the coarse aggregate. 
Should a less amount of water give still unsatisfactory results, the 
proportion of sand to rock must be changed. 

No concrete shall be used which has partially set (the setting time 
8 known from the cement tests), and no retempering shall be per- 
Bitted. 

Before placing the concrete, the forms must be well cleaned and 
horoughly wetted, and wood shavings must be removed from the 
loor, in order to prevent the wind from blowing them into the forms. 

No concreting of columns, beams or walls shall be commenced 
nless the forms are previously inspected, by the engineer, for cleanli- 
ess and straightness, and the proper location of the reinforcement. 

In using wet concrete a great deal of laitance is formed on top 
f the concrete, especially in columns, girders and walls, which must 
e removed before starting concreting after a suspension. The con- 
reting shall be stopped in girders and slabs in the center, unless 
revented by the inclemency of weather, or similar reasons, in walls 
referably in steps. When starting up concreting after a suspension 
' only a day, the joints should be thoroughly cleaned, and drenched 
ith -water, and covered with grout. For a longer suspension, remove 
»out % to 2 inches of concrete at the joint. 

It is preferred that the columns are concreted one day ahead of 
e girders, and the girders a few hours ahead of the floor slabs. 
At least one man shall continuously tamp a column, during process 

concreting, by means of a stick of lumber l"x2" or 2"x2". At 
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least one man, but generally two men, will be required to tamp each 
girder, during the pi-ocess of concreting, by means of special spades, 
and the contractor shall supply a sufficient number of crowbars and 
heavy hooks for shaking ana eventually lifting of the reinforcement. 
Care shall be taken that the stirrups remain in their places and are 
lifted up after the form is filled. 

Care shall be taken that the floors are brought up to the right 
level, and a levelling instrument shall be always on the floor, ready 
for checking. 

Where the floors are to be cement finished, as for warehouses, 
factories, etc., the rough concrete floor shall be levelled to a level 
%" below the top of the finished floor. As an absolutely level floor 
in rough (or even finished concrete) concrete cannot be obtained, 
this will give a cement finish averaging %" thick. 

The cement finish, if figured as carrying stress, shall not be placed 
later than two days after the rough concrete is placed, and care 
shall be taken that the rough concrete is thoroughly cleaned and 
brushed with a steel brush and drenched with water before applying 
the finish. For office buildings, hotels, etc., the cement finish may 
be applied after several months, but shall not be less in thickness than 
1", and the rough concrete floor shall be washed with a 20% solution 
of commercial muriatic acid and thoroughly drenched with water 
before applying the finish. The cement floor shall be covered with 
sand and kept wet for several days. No walking on this floor shall 
be allowed for two days, unless boards are spread over it. 

Where the finish is applied at once, and where concreting is done 
on the story above, the cement drippings must be thoroughly washed 
off and cleaned off every day, in order to preserve a smooth floor. 

The cement finish shall consist of one part of cement to two parts 
of coarse sand, or granite screenings. After the forms are taken out 
all places showing honeycombs or other imperfections shall be neatly 
patched up. 

The faces of concrete exposed to the sun and wind must be drenched 
with water for at least three days, and occasionally sprinkled for a 
week or more, or even covered with a layer of wet sand in case of 
cement finished floors. 

Where concrete is to be deposited in water, it shall be done by 
means of a tremis or bottom dumping bucket, and divers shall be 
occasionally sent down to remove laitance and to inspect the concrete. 

FREEZING WEATHEB. 

When the temperature is below freezing and above 20°, the con- 
creting may be carried on by using boiling water for mixing (tests 
shall, however, be made by the laboratory whether the hot water 
does not injure that particular brand of cement, in regard to strength), 
and by pouring boiling water on the forms, and especially the re- 
inforcement, so that not a particle of ice or snow remains. The con- 
crete must be immediately covered by planks and tarpaulins. No 
concreting in cool weather shall be commenced unless all preparations 
for boiling water are made and the required quantity of tarpaulins 
are at the site. 

FORM WORK. 

The form work must be carefully designed for strength and de- 
flection, and in no case should less material be used than given in 
this Hand Book. The forms shall be erected as true as practicable, 
and no variation of more than V4," shall be allowed (if another varia- 
tion is desired, it must be considered that the cost of the form work 
increases very rapidly for a ^eater precision). 

^J?^ ^5™!^ shall be built fairly tight, to prevent a gross leakage of 

^he i;aWp''nyi.^2I?^^*'r^^ ?:°^ ^^^« °^ strength of the concrete. 

he leakage of water, colored by cement, will not be considered in 
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jurious. The floor boards shall be surfaced on one side (S. 1 S.); 
the side and bottom of the beam forms shall be S. 1 S., or surfaced 
one side and one edge (S. 1 S. & 1 E), according to the purpos for 
which the structure is intended. 

The column boards shall be surfaced one side and both edges (S. 1 
S. & 2 E.), in order to facilitate the plumbing of the forms. Right- 
angle triangular strips (1" or 2" sides) shall be placed in all corners 
of column and beam forms, and the beam forms shall be given a 
camber of %" or 1/300 of the span. 

Column and wall forms may be removed in three days. The remov- 
ing of beam and slab forms depends on the ratio of total load to dead 
load for which they are designed, and on the weather conditions. 
The proper time can be found by making small test beams, at the 
same time and of the same concrete of which the structure is built. 
Lacking these tests, the supports of the beams shall not be removed 
before three weeks in warm, or four weeks in cool weather. The 
sides of the beams may be removed at the same time as the slab 
forms. 

If the slabs are of short spans, say not exceeding 8', the forms may 
be removed in five days in warm weather and eight and fourteen days 
in cool weather. For larger spans the floor boards may be removed at 
the same time, but temporary props must be placed in the center of 
the panels and must remain for at least two weeks, and for a longer 
time if the floor supports the forms for the story above. 

THE PLACING OF THE BEINFOBCEMENT. 

Before the reinforcement is placed, the forms must be cleaned of 
all dirt and shavings and care must be taken to prevent new dirt 
and shavings from coming into the forms. In case of wall and 
column footings, a 2", or sometimes 4", layer of concrete shall be 
spread on the ground before the rods are placed. Rods in wall foot- 
ings do not need to be wired; in column footings, however, each rod 
must be wired at two points by No. 16 wire. The column rods should 
be rigidly wired to the coils, so that they retain their desired spacing 
in handling and concreting. The column reinforcement must be placed 
plumb and centrical and braced in two directions, and grout (1:2) 
must be poured into the footing holes or gas-pipe sleeves for proper 
connections. Care must be taken that the column rods keep their 
place while concreting the columns, and for this purpose the tops of 
the rods must be steadied by wires or boards. 

In bending the girder and beam rods, care must be taken that the 
depth of the bent rods is not greater than given in the drawings, as 
otherwise the rods might project above the concrete floor. 

The stirrups shall first be placed in all beam and girder forms as 
shown in Figure 3, then the straight rods, and afterwards the bent 
rods. Care must be taken that the rods do not come nearer to the 
surface than 1" (1%" or 2"), and that they equally overlap at both 
ends. 

The floor rods shall be placed after the girder rods, and shall be 
wired at two points to keep their place. It will be insisted that they 
are placed in their exact position during the wiring; a variation of 
1" shall be permitted if during concreting the rods are shifted. The 
contractor shall ' supolv his men with a sufficient number of hooks, to 
be used to raise the rods %" (%") above the floor during con- 
creting. 

The extra rods over the beams or girders shall be placed im- 
mediately after the slab is concreted over the beams, and pressed into 
the concrete. , , , ^ 

Horizontal wall rods shall be wired to vertical rods at least ever- 
fonr feet, and proper provision, bv means of staples, or otncrwist 
shall be made to keep them in tbo proper distance from the face o 
tlie wall. 
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The steel rods shall be stored in a clean place and shall be properly 
sorted, and shall be free from dirt, ice or heavy scales of rust, when 
placed into the forms. A slight coat of rust shall not be considered 
objectionable. 

TESTS. 

The contractor agrees that he is fully informed as to the purpose 
for which the before-mentioned structure is to be used, as described 
in the plans and specifications, and being skilled in the construction 
of reinforced concrete work, fully approves of the plans, design and 
specifications, and guarantees that this work, -done in accordance to 
these plans and specifications, will fulfill the requirements for which 
it is intended in every respect. 

The contractor shall test, on demand, at least one girder, beam, 
or panel to twice the live load for which the particular floor is in- 
tended, six weeks after the concreting, and no undue deflections, 
cracks or other signs of weakness shall appear. Should any failure 
or defect appear in any part of this work, either during test or while 
in use during a period of one year after date of completion, the con- 
tractor will remove such defect and provide construction adequate 
for proper fulfillment of this service for which this structure is in- 
tended at his own sole cost and expense, and without cost to the 
)wner. 
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ADDENDA AND OORBECTIONS 

On page 105, in tenth line from below, read **page 95*' 
instead of **page 92 '\ 

On page 107, in fourteenth line from below, read * * 2"x4". * ' 

On page 112, in the equation for the moment of the weight 
of the earth about the center of the base, *'^h»> should 
stand for *'t^''. 

On page 118, in the eleventh line from top, read: '*The 
cost per square foot of shell'' 

On page 133, the weight of steel per lineal foot of square 
bin should be doubled. In case of a cluster of bins, care 
must be taken to divide the unit quantities of concrete, steel 
and form lumber by two for all interior bins. For the outside 
walls the full quantities must be taken. 

On page 153 the heading of the second column should have 
been <<T-f-P'' and the figures under heading **0.4x", 
**0.3x'', '*0.2x'' and ''O.lx" should have been printed in 
black. 

On page 161 should have been noted that it is of advantage 
in reinforced concrete piles to tie the rods together by coils 
of No. 5 wire, spaced 6" e. c, which spacing should be 
diminished to about 2*' near the top of the pile. 

Tn Fig. 84, page 190, the rise of the roof is not clearly 
marked as **hi". 

On page 195 in second part of first equation read D^pt 
instead of Dpt. 

On page 205, ** Weight of Four Rods in Pounds'' should 
read, *^ Weight of Four Rods in Pounds per Lineal Foot." 
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In the typical floor constructions, on pages 44 to 54, the 
headings of girders and beams are sometimes transposed. 
The girder is always the beam with the higher serial number. 

On page 79, the height of basement in second column is 10' 
instead of 14', and in the last column of the table the second 
figure should be 9000 instead of 6000. 

On page 69, read Ei! instead of H^ 
^ ^ ' 12 12. 

On page 123, divide the stress in bottom ring for the domes 
under heading ^^ Total load 300 pounds per square foot' ^ by 
two. 

On page 128, in eighth line from top, read 0.3pD* and 
0.167pD^ instead of O.epD^ and 0.33pD*. 

On page 128, in eleventh line from top, read square inch 
instead of square foot. 

On page 137, read Dams instead of Domes. 

On page 168, in heading, read Denotations instead of 
Detonations. 

On page 169, in next to last line, read 1%" instead of i^". 

On page 204, in thirteenth line from the top, read inch- 
pounds instead of foot-pounds. 

On page 189, in nineteenth line, read Ma = -^ PI — . — 
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